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PREFACE 


TO   THE    SECOND   EDITION. 


Xwo  hundred  and  ninety  years  have  now  elapsed 
since  one  of  the  earliest  introductions  to  Botany 
upon  record  was  published,  in  four  pages  folio,  by 
Leonhart  Fuchs,  a  learned  physician  of  Tubingen. 
At  that  period  Botany  was  nothing  more  than  the 
art  of  distinguishing  one  plant  from  another,  and 
of  remembering  the  medical  qualities,  sometimes  real, 
but  more  frequently  imaginary,  which  experience,  or 
error,  or  superstition,  had  ascribed  to  them.  Little 
was  known  of  Vegetable  Physiology,  nothing  of  Vege- 
table Anatomy,  and  even  the  mode  of  arranging 
species  systematically  had  still  to  be  discovered ; 
while  scarcely  a  trace  existed  of  those  modern  views 
which  have  raised  the  science  from  the  mere  business 
of  the  herb-gatherer  to  a  station  among  the  most  in* 
tellectual  branches  of  natural  philosophy. 

It  now  comprehends  a  knowledge  not  only  of  the 
names  and  uses  of  plants,  but  of  their  external  and 
internal  organisation,  and  of  their  anatomy  and  phy- 
siological phenomena:  it  embraces  a  consideration 
of  the  plan  upon  which  those  multitudes  of  vegetable 
forms  that  clothe  the  earth  have  been  created,  of  the 
skilful  combinations  out  of  which  so  many  various 
organs  have  emanated,  of  the  laws  that  regulate  the 
dispersion  and  location  of  species,  and  of  the  influ- 

a8 


IV  PREFACE. 

ence  that  climate  exercises  upon  their  developeraent ; 
and,  lastly,  from  botany  as  now  understood,  in  its 
most  extensive  signification,  is  inseparable  the  know- 
ledge  of  the  various  ways  in  which  the  laws  of  vege- 
table life  are  applicable  to  the  augmentation  of  the 
luxuries  and  comforts,  or  to  the  diminution  of  the 
wants  and  miseries,  of  mankind.  It  is  by  no  means, 
as  some  suppose,  a  science  for  the  idle  philosopher  in 
his  closet ;  neither  is  it  merely  an  amusing  accom- 
plishment, as  others  appear  to  think ;  on  the  con- 
trary, its  field  is  in  the  midst  of  meadows,  and 
gardens,  and  forests,  on  the  sides  of  mountains,  and 
in  the  depths  of  mines,  —  wherever  vegetation  still 
flourishes,  or  wherever  it  attests  by  its  remains  the 
existence  of  a  former  world.  It  is  the  science  that 
converts  the  useless  or  noxious  weed  into  the  nutri- 
tious vegetable  ;  which  changes  a  bare  volcanic  rock, 
like  Ascension,  into  a  green  and  fertile  island ;  and 
which  enables  the  man  of  science,  by  the  power  it 
gives  him  of  judging  how  far  the  productions  of  one 
climate  are  susceptible  of  cultivation  in  another,  to 
guide  the  colonist  in  his  enterprises,  and  to  save  him 
from  those  errors  and  losses  into  which  all  such  per- 
sons unacquainted  with  Botany  are  liable  to  fall.  This 
science,  finally,  it  is  which  teaches  the  physician  how 
to  discover  in  every  region  the  medicines  that  are 
best  adapted  for  the  maladies  that  prevail  in  it ;  and 
which,  by  furnishing  him  with  a  certain  clue  to  the 
knowledge  of  the  tribes  in  which  particular  proper, 
ties  are,  or  are  not,  to  be  found,  renders  him  as  much 
at  ease,  alone  and  seemingly  without  resources,  in  a 
land  of  unknown  herbs,  as  if  he  were  in  the  midst  of 
a  magazine  of  drugs  in  some  civilised  country. 

The   principles  of  such  a  science  must  necessa- 
rily be  complicated,  and  in  certain  branches,  which 
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have  only  for  a  short  time  occupied  the  atten- 
tion of  observers,  or  which  depend  upon  obscure  and 
ill-understood  evidence,  are  by  no  means  so  clearly 
defined  as  could  be  wished.  To  explain  those  prin- 
ciples, to  adduce  the  evidence  by  which  their  tiiith 
is  supposed  to  be  proved,  or  the  reasoning  upon 
which  they  are  based  in  cases  where  direct  proof  is 
unattainable ;  to  show  the  causes  of  errors  that  are 
now  exploded,  and  the  insufficiency  of  the  arguments 
by  which  doubtful  theories  are  still  defended,  —  in 
fine,  to  draw  a  distinct  line  between  what  is  certain 
and  what  is  doubtful,  —  are  some  of  the  objects  of  this 
publication,  which  is  intended  for  the  use  of  those 
who,  without  being  willing  to  occupy  themselves 
with  a  detailed  examination  of  the  vast  mass  of  evi« 
dence  upon  which  the  modern  science  of  botany  is 
founded,  are,  nevertheless,  anxious  to  acquire  a  dis- 
tinct idea  of  the  nature  of  that  evidence.  Another 
and  not  less  important  purpose  has  been  to  demon- 
strate, by  a  series  of  well-connected  proofs,  that  in  no 
department  of  natural  history  are  the  simplicity  and 
harmony  that  pervade  the  universe  more  strikingly 
manifest  than  in  the  vegetable  kingdom,  where  the 
most  varied  forms  are  produced  by  the  combination 
of  a  very  small  number  of  distinct  organs,  and  the 
most  important  phenomena  are  distinctly  explained 
by  a  few  simple  laws  of  life  and  structure. 

In  the  execution  of  these  objects,  I  have  followed 
very  nearly  the  method  recommended  by  the  cele- 
brated Professor  De  CandoUe,  than  whom  no  man  is 
entitled  to  more  deference,  whether  you  consider  the 
soundness  of  his  judgment  in  all  that  relates  to  order 
and  arrangement,  or  the  great  experience  which  a 
long  and  most  successful  career  of  public  instruction 
has  necessarily  given  him. 
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I  have  begun  with  what  is  called  Organography 
(Book  I.)  ;  or  an  explanation  of  the  exact  structure  of 
plants  i  a  branch  of  the  subject  which  comprehends 
all  that  relates  either  to  the  various  forms  of  tissue  of 
which  vegetables  are  constructed,  or  to  the  external 
appearance  their  elementary  organs  assume  in  a  state 
of  combination.  It  is  exceedingly  desirable  that 
these  topics  should  be  well  understood,  because  they 
form  the  basis  of  all  other  parts  of  the  science.  In 
physiology,  every  function  is  executed  through  the 
agency  of  the  organs :  systematic  arrangements  de- 
pend upon  characters  arising  out  of  their  consider- 
ation ;  and  descriptive  Botany  can  have  no  logical 
precision  without  the  principles  of  Organography 
are  first  exactly  settled.  A  difference  of  opinion 
exists  among  the  most  distinguished  botanists,  upon 
some  points  connected  with  this  subject,  so  that  it 
has  been  found  expedient  to  enter  occasionally  into 
much  detail,  for  the  purpose  of  satisfying  the  student 
of  the  accuracy  of  the  facts  and  reasonings  upon 
which  he  is  expected  to  rely. 

To  this  succeeds  Vegetable  Physiology  (Book 
II.)  }  or  the  history  of  the  vital  phenomena  that  have 
been  observed  both  in  plants  in  general,  and  in  par- 
ticular species,  and  also  in  each  of  their  organs  taken 
separately.  It  is  that  part  of  the  science  which  has 
the  most  direct  bearing  upon  practical  objects.  Its 
laws,  however,  are  either  unintelligible,  or  suscep- 
tible of  no  exact  appreciation,  without  a  previous 
acquaintance  with  the  more  important  details  of  Or- 
ganography. Much  of  the  subject  is  at  present 
involved  in  doubt,  and  the  accuracy  of  some  of  the 
conclusions  of  physiologists  is  inferred  rather  than 
demonstrated ;  so  that  it  has  been  found  essential 
that  the  grounds  of  the   more  popularly  received 
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opinions,  whether  admitted  as  true  or  rejected  as 
erroneous,  should  be  given  at  length. 

In  the  first  edition,  this  department  was  not  so 
complete  as  I  could  have  wished ;  in  the  present,  I 
have  been  enabled,  chiefly  by  the  aid  of  Professor 
De  CandoUe's  Physiologies  to  extend,  and,  as  I  hope, 
to  improve  it  very  materially. 

Next  followed  in  the  first  edition  Taxonomy  :  or 
some  account  of  the  Principles  of  Classification  ;  — 
a  very  important  subject,  comprehending  not  only 
a  view  of  the  various  methods  of  arrangement  em- 
ployed by  botanists  in  their  systematic  works,  but  an 
explanation  of  the  principles  by  which  the  limits  of 
genera  and  species  are  determined.  It  also  shews 
the  mode  of  obtaining  a  correct  view  of  vegetation* 
of  conducting  the  examination  of  unknown  plants 
with  precision,  of  avoiding  errors  in  consequence  of 
accidental  aberrations  from  ordinary  structure,  and 
of  forming  a  just  estimate  of  the  mutual  relation 
that  one  part  of  the  vegetable  kingdom  bears  to 
another. 

But  in  the  present  edition  I  have  entirely  omitted 
this  book  :  firstly,  because  of  the  great  additions  that 
have  been  made  to  other  topics ;  and,  secondly,  be- 
cause it  is  extensive  enough  to  form  a  work  by  itself. 
The  whole  of  what  was  contained  in  this  part  of  the 
first  edition  will  be  found  incorporated  with  the  pre- 
fatory matter  of  the  second  edition  of  the  Introduction 
to  the  Natural  System  of  Botany ^  now  in  preparation. 

After  this,  I  have  taken  Glossology  (Book  III.) ; 
or,  as  it  was  formerly  called.  Terminology  ;  restrict- 
ing it  absolutely  to  the  definition  of  the  adjective 
terms,  which  are  either  used  exclusively  in  Botany, 
or  which  are  employed  in  that  science  in  some  parti- 
cular and  unusual  sense.     The  key  to  this  book,  and 
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also  to  the  substantive  terms  explained  in  Organo- 
graphy, will  be  found  in  a  copious  index  at  the  end  of 
the  volume. 

These  topics  exhaust  the  science  considered  only 
with  reference  to  first  principles ;  there  are,  however, 
a  few  others  which  it  has  been  thought  advisable  to 
append,  on  account  of  their  practical  value.  These 
are,  firstly,  Phytography  (Book  IV.);  or,  an  ex- 
position of  the  rules  to  be  observed  in  describing  and 
naming  plants.  As  the  great  object  of  descriptions 
in  natural  history,  is  to  enable  every  person  to  recog- 
nise a  known  species,  after  its  station  has  been  dis- 
covered by  classification,  and  also  to  put  those  who 
have  not  had  the  opportunity  of  examining  a  plant 
themselves  into  possession  of  all  the  facts  necessary 
to  acquire  a  just  notion  of  its  structure  and  affinities  ; 
it  is  indispensable  that  the  principles  of  making 
descriptions  should  be  clearly  understood,  both  to 
prevent  their  being  too  general  to  answer  the  intended 
purpose,  or  more  prolix  than  is  really  requisite.  It 
is  the  want  of  a  knowledge  of  these  rules  that  renders 
the  short  descriptions  of  the  classical  writers  of  an- 
tiquity, and  the  longer  ones  of  many  a  modern  tra- 
veller, equally  vague  and  unintelligible.  In  this 
place  are  inserted  a  few  notes  upon  the  formation  of 
an  herbarium. 

Atler  this,  has  been  introduced  (Book  V.)  a  sum- 
mary of  the  little  which  is  known  of  the  laws  that 
regulate  the  distribution  of  plants  upon  the  surface  of 
the  earth  ;  a  question  which,  however  indefinite  and 
unsatisfactory  our  information  may  at  present  be,  has 
begun  to  assume  such  an  appearance  as  to  justify  the 
expectation,  that  future  discoveries  will  explain  the 
causes  of  the  chai*acters  of  vegetation  being  deter- 
mined, as  they  surely  are,  by  climate. 
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Finally,  the  work  is  concluded  by  an  exposition  of 
what  is  called  Morphology  ;  a  subject  which  is  in 
the  vegetable,  what  Comparative  Anatomy  is  in  the 
animal  kingdom,  and  which  is  by  far  the  most  im* 
portant  branch  of  study  after  Elementary  Anatomy 
and  Vegetable  Physiology.  Organography  itself  is 
in  all  respects  an  exposition  of  the  doctrines  of  Mor- 
phology ;  but  the  novelty  of  the  subject,  and  a  per- 
suasion  that  it  would  be  better  understood  if  treated 
separately,  has  induced  me  to  make  it  the  subject  of 
particular  consideration.  Unknown  before  the  time 
of  Linnaeus,  and  first  placed  in  its  true  light  by  the 
venerable  poet  Gothe,  it  lay  neglected  for  nearly 
thirty  years,  until,  having  been  revived  by  Du  Petit 
Thouars,  De  CandoUe,  Brown,  and  others,  it  has 
come  to  be  considered  the  basis  of  all  scientific 
knowledge  of  vegetable  structure. 

It  has  been  my  wish  to  bring  every  subject  that  I 
have  introduced  down,  as  nearly  as  possible,  to  the 
state  in  which  it  is  found  at  the  present  day.  And 
I  have  in  reality  added  a  very  considerable  quantity 
of  new  matter  to  the  present  edition,  which  has  passed 
so  rapidly  through  the  press,  that  it  may  be  considered 
an  exposition  of  the  state  of  Botany  up  to  Christmas 
1834,  and  in  some  respects  up  to  the  present  day. 

In  the  statements  I  have  made,  I  have  uniformly 
endeavoured  to  render  due  credit  to  all  persons  for 
the  discoveries  by  which  they  may  severally  have 
contributed  to  the  advancement  of  the  science ;  and 
if  I  have  on  any  occasion  either  omitted  to  do  so,  or 
assumed  to  myself  observations  which  belong  to 
others,  it  has  been  unknowingly  or  inadvertently.  It 
is,  however,  impracticable,  and  if  practicable  it  would 
not  be  worth  while,  to  remember  upon  all  occasions 
from  what  particular  sources  information  may  have 
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been  derived.  Discoveries,  when  once  communi- 
cated to  the  worid,  become  public  property :  they 
are  thrown  into  the  common  stock  for  mutual  benefit; 
and  it  is  only  in  the  case  of  debatable  opinions,  or 
of  any  recent  and  unconfirmed  observations,  that  it 
really  interests  the  world  that  authorities  should  be 
quoted  at  alL  In  the  language  of  a  highly  valued 
friend,  when  writing  upon  another  subject :  —  **  The 
advanced  state  of  a  science  is  but  the  accumulation 
of  the  discoveries  and  inventions  of  many :  to  refer 
each  of  these  to  its  author  is  the  business  of  the 
history  of  science,  but  does  not  belong  to  a  work 
which  professes  merely  to  give  an  account  of  the 
science  as  it  is :  all  that  is  generally  acknowledged 
must  pass  current  from  author  to  author."  * 

London^  Aug.  1. 1835. 

*  Brett's  Principles  of  Astronomy^  p.  ▼. 
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ORGANOGRAPHY}  OR,  OF  THE  STRUCTURE  OF  PLANTS, 


|_  CHAPTER  I. 

OF   THE   ELEMENTARY    ORGANS. 

If  plants  are  considered  with  reference  to  their  internal 
organization,  they  appear  at  first  sight  to  consist  of  a  vast 
multitude  of  exceedingly  minute  cavities,  separated  by  a 
membranous  substance ;  more  exactly  examined,  it  is  found 
that  these  cavities  have  a  variety  of  different  figures,  and 
that  each  is  closed  up  from  those  that  surround  it;  if  the 
inquiry  is  carried  still  farther,  it  will  be  discovered  that  the 
partitions  between  the  cavities  are  all  double,  and  that  by 
maceration  in  water,  or  by  other  methods,  the  cavities  witli 
their  enclosing  membrane  may  be  separated  from  each  other 
into  distinct  bodies.  These  bodies  constitute  what  is  called 
Vegetable  Tissue,  or  Elementary  Organs :  they  are  the  5imt- 
hry  parts  of  Grew ;  the  Tism  organique  of  Mirbel ;  and  the 
Parties  elementairesj  or  Parties  similairesj  of  De  Candolle. 

The  chemical  basis  of  the  elementally  organs  has  been 
found  to  be  oxygen,  hydrogen,  and  carbon,  with  occasionally 
a  little  nitrogen  or  azote,  combined  in  various  proportions : 
their  organic  basis  is  membrane  and  fibre.  The  latter  only 
are  here  to  be  considered. 
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It  is  the  Opinion  of  some  that  membrane  only  is  the  basis  of 
the  tissue  of  plants,  and  that  fibre  is  itself  a  form  of  mem- 
brane. But  as  we  find  both  developed  in  many  of  the  most 
imperfectly  organized  plants,  such  as  Scleroderma  and  other 
fungi,  and  as  it  is  difficult  to  conceive  how  that  can  be  a 
mere  modification  of  membrane  which  is  generated  inde- 
pendently of  it,  which  has  no  external  resemblance  to  it,  and 
which  is  obviously  something  superadded,  it  will  be  better  to 
consider  both  membrane  and  fibre  as  the  organic  bases  of 
vegetable  tissue,  rather  than  the  former  only. 

The  membrane  varies  in  its  degree  of  transparency,  being 
occasionally  so  exceedingly  thin  as  to  be  scarcely  discover- 
able, except  by  the  little  particles  that  stick  to  it,  or  by  its 
refraction  of  light,  and  sometimes  liaving  a  perceptible  green 
colour,  and  a  thickness  which  is  considerable  if  compared 
wijh  the  diameter  of  the  cavity  it  encloses.  It  is  always  ex- 
cessively thin  when  first  generated ;  and  whatever  thickness  it 
afterwards  acquires  must  be  supposed  to  be  owing  to  the 
incorporation  or  incrustation  of  secreted  matter.  This  is 
represented  by  Mohl  to  take  place  in  Palm-trees  by  the  succes- 
sive addition  of  strata  to  the  lining  of  the  cavities  of  the  cells ; 
but  this  requires  verification. 

It  generally  tears  readily,  as  if  its  component  atoms  do  not 
cohere  with  greater  force  in  one  direction  than  another ;  but 
I  have  met  with  a  remarkable  instance  to  the  contrary  of  this 
in  Bromelia  nudicaulis,  in  which  the  membrane  of  the  cuticle 
breaks  into  little  teeth  of  nearly  equal  width  when  torn. 
(Plate  I.  fig.  6.)  Hence  it  may  be  conjectured,  that  what  we 
call  primitive  membrane  is  itself  the  result  either  of  primitive 
fibres  completely  consolidated,  or  of  molecules  originally  dis- 
posed in  a  spiral  direction,  as  Raspail  supposes.  {Chirn.  Org. 
p.  85.) 

It  is  in  all  cases  destitute  of  visible  pores ;  although,  as  it  is 
readily  permeable  by  fluids,  it  must  necessarily  be  furnished 
with  invisible  passages.  An  opinion  to  the  contrary  of  this 
has  been  held  by  some  botanists,  who  have  described  the 
existence  of  holes  or  pores  in  the  membrane  of  tissue,  and 
have  even  thought  they  saw  a  distinct  rim  to  them ;  but  this 
idea,  which  probably  originated  in  imperfect  observation  with 
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ill-constructed  glasses,  is  now  generally  abandoned.  The 
supposed  pores,  with  their  rim,  have  been  ascertained  to  be, 
in  many  cases,  nothing  but  grains  of  semi-transparent  matter 
sticking  to  the  membrane :  this  has  been  proved  by  Dutrochet, 
who  found  that  boiling  them  in  hot  nitric  acid  rendered  them 
opaque,  and  that  dipping  them  in  a  solution  of  caustic  potash 
restored  their  transparency, — a  property  incompatible  with  a 
perforation;  and  any  one  furnished  with  a  good  modem 
miscroscope  may  satisfy  himself  upon  the  point,  without 
going  through  Dutrochet's  process ;  by  simple  movement  in 
water  the  grains  may  be  often  detached.  In  other  cases 
they  may  be  thin  spaces  in  the  sides  of  tissue,  such  as  might 
be  produced  by  the  adhesion  and  separation  at  regular  inter- 
vals of  a  thread  developed  spirally  within  a  membranous  sac 
Such  a  view  has  been  taken  of  them  by  Slack  {Trans. 
Soc,  ArtSy  xlix.),  as  will  be  explained  at  page  16.  A  nearly 
similar  opinion  was  previously  offered  by  Mold,  who  considers 
the  dots  on  the  membrane  of  tissue  to  be  thinner  portions  of 
it.  He  sajrs  it  may  be  distinctly  seen  by  the  aid  oif  a  power- 
ful microscope  that  the  little  round  orbs  which  are  visible  in 
the  sur&ce  of  membranes  in  the  tissue  of  Palm-trees  are  pas- 
sages (meatus)  in  the  thickness  of  the  membrane,  opening 
into  the  cavity  of  the  cells,  and  closed  externally  by  the  mem- 
brane itself.  He  adds,  that  when  dotted  tissue  is  in  contact, 
these  passages  are  placed  exactly  opposite  to  each  other,  (itfar- 
tius  Palm.  Anat.  v.  coL  2.)  In  matters  demanding  such  very 
delicate  observation  as  this,  it  is  excessively  difficult  to  know 
what  dependence  can  be  placed  upon  the  statements  and  draw- 
ings of  even  the  most  skilful  anatomists.  We  must  therefore 
wait  for  further  evidence  of  these  supposed  fisu^ts  before  they 
can  be  received  into  the  certain  truths  of  science.  It,  however, 
occasionally  happens  that  holes  do  exist  in  the  membrane,  of 
which  mention  will  be  made  hereafter. 

Elemei^aTy  Fibre  may  be  compared  to  hair  of  inconceivable 
fineness,  its  diameter  often  not  exceeding  the  W&v  of  an  inch. 
It  has  frequently  agreenish  colour,  but  is  more  commonly  trans- 
parent and  colourless.  It  appears  to  be  sometimes  capable 
of  extension  with  the  same  rapidity  as  the  membrane  among 
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•which  it  lies,  and  to  which  it  usually  adheres;  but  occasionally 
elongates  less  rapidly,  when  it  is  broken  into  minute  portions, 
and  is  carried  along  by  the  growing  membrane.  In  direction 
it  is  variable  (Plates  I.  and  II.);  sometimes  it  is  straight,- 
and  attains  a  considerable  length,  as  in  some  fungi;  some- 
times it  is  short  and  straight,  but  hooked  at  the  apex,  as  in  the 
lining  of  the  anther  of  Campanula;  occasionally  it  is  straight, 
and  adheres  to  the  side  of  membrane,  as  in  the  same  part 
in  Digitalis  purpurea ;  but  its  most  common  direction  is  spiral. 
Whether  it  is  solid  or  hollow  has  not  been  fully  demonstrated ; 
Purkinje  asserts  that  it  is  hollow,  as  will  be  hereafter  men- 
tioned; but  there  can  be  no  doubt  that  it  is  also,  at  least 
sometimes,  solid,  as  in  the  fibrous  bladders  of  the  leaf  of  Onci- 
dium  altissimum ;  it  is  the  opinion  of  many  that  it  is  hollow 
in  the  case  of  spiral  vessels.  Elementary  Fibre  has  a  constant 
tendency  to  anastomose,  in  consequence  of  which  reticulated 
appearances  are  frequently  found  in  tissue.  Slack  adds  that 
it  sometimes  branches. 

The  forms  under  which  the  elementary  organs  are  seen  are, 
1.  Cellular  tissue;  2.  Woody  tissue;  and,  3.  Vascular  tissue. 

It  is  almost  certain  that  all  these  forms  are  in  reality  modifica- 
tions of  one  common  type,  namely,  the  simple  cell,  however 
different  they  may  be  from  each  other  in  station,  function,  or 
appearance.  For,  in  the  first  place,  we  find  them  all  developed 
in  bodies  that  originally  consisted  of  nothing  but  cellular  tissue ; 
a  seed,  for  instance,  is  an  aggregation  of  cells  only;  after  its 
vital  principle  has  been  excited,  and  it  has  begun  to  grow,  woody 
tissues  and  vessels  are  generated  in  abundance.  We  must,  there- 
fore, either  admit  that  all  forms  of  tissue  are  developed  from  the 
simple  cell,  and  are  consequently  modifications  of  it ;  or  we  must 
suppose,  what  we  have  no  right  to  assume,  that  plants  have  a 
power  of  spontaneously  generating  woody  and  vascular  tissue 
in  the  midst  of  the  cellular.  Mirbel  has  lately  reduced  the  first 
of  these  suppositions  to  very  nearly  a  demonstration ;  in  a 
most  admirable  memoir  on  the  developement  of  Marchanda  he 
speaks  to  the  following  efiect.  ^  I  at  first  found  nothing  but  a 
mass  of  tissue  composed  of  bladders  filled  with  little  green  balls. 
Of  these  some  grew  into  long  slender  tubes,  pointed  at  each 
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end,  and  unquestionably  adhering  by  one  of  their  ends  to  the 
inside  of  the  sac ;  others  from  polygons  passed  to  a  spherical 
form  in  rounding  off  their  angles.  As  they  grew  older,  other 
very  important  changes  took  place  in  certain  cells  of  the  ordi- 
nary structure,  which  had  not  previously  undergone  any  alter- 
ation :  in  each  of  these  there  appeared  three  or  four  rings 
placed  parallel  with  each  other,  adhering  to  the  membrane, 
from  which  they  were  distinguished  by  their  opaqueness; 
these  were  altogether  analogous  to  annular  ducts.  The  cells 
become  tubes  did  not  at  first  differ  from  other  cells  in  any 
thing  except  their  form ;  their  sides  were  uniform,  thin,  colour- 
less, and  transparent;  but  they  soon  began  to  thicken,  to  lose 
their  transparency,  and  to  be  marked  all  round  from  end  to 
end  with  two  contiguous  parallel  streaks  disposed  spirally. 
They  then  enlarged,  and  their  streaks  became  slits  which  cut 
the  sides  of  the  tubes  from  end  to  end  into  two  threads,  whose 
circiunvolutions  separated  into  the  resemblance  of  a  gun- 
worm.'  In  these  cases  there  can,  I  think,  be  little  doubt  that 
the  changes  witnessed  by  Mirbel  were  chiefly  owing  to  the 
developement  of  a  spiral  thread  in  the  inside  of  the  tissue;  he, 
however,  did  not  consider  it  in  that  light. 

But  however  clearly  the  origin  of  the  different  forms  of  tissue 
may  be  shown  to  be  identical,  it  is  obviously  important  to  dis- 
tinguish them  for  practical  purposes.  I  shall  therefore  pro- 
ceed henceforward  to  speak  of  them  as  if  they  were  totally 
distinct  in  their  origin. 


Sect.  I.     Of  Cellular  Tissue. 

Cellular,  Utricular,  or  Vesicular  tissue,  generally,  con- 
sists of  little  bladders  or  vesicles  of  various  figures,  adhering 
together  in  masses.  Occasionally  it  seems  to  be  composed  of 
fibre  only,  unconnected  by  membrane.  It  is  transparent,  and 
in  all  cases  colourless :  when  it  appears  otherwise,  its  colour  is 
caused  by  matter  contained  within  it. 

If  a  thin  slice  of  the  pith  of  elder,  or  any  other  plant,  be 
examined  with  a  microscope,  it  will  be  found  to  have  a  sort  of 
honeycomb  appearance,  as  if  there  were  a  number  of  hexagonal 
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caviUee,  separated  by  partitions  {Jig.  1.).  These  little  cavities 
are  the  inside  of  bladders  of  cellular  tissue ;  and  the  partitions 
are  caused  by  the  cohesion  of  their  sides,  as  may  be  easily 
proved  by  boiling  the  pith  a  short  time,  when  the  bladders 
readily  separate  from  each  other.  In  pulpy  fruits,  or  in  those 
which  have  their  cellular  tissue  in  a  loose  dry  state  when  ripe, 
the  bladders  may  be  readily  separated  from  each  other  without 
boiling.  It  was  formerly  thought  that  cellular  tissue  might  be 
compared  to  the  air  bubbles  in  a  lather  of  soap  and  water ; 
while  by  some  it  has  been  supposed  to  be  formed  by  the 
doublings  and  foldings  of  a  membrane  in  various  directions. 
On  both  these  suppositions,  the  partitions  between  the  celb 
would  be  simple,  and  not  composed  of  two  membranes  in  a 
state  of  cohesion ;  but  the  &cili^  with  which,  as  has  just  been 
stated,  the  cellules  may  be  separated,  sufficiently  disproves 
these  opinions.  It  is  probable,  however,  that  although  the 
double  nature  of  the  partitions  in  cellular  tissue  may  be 
demonstrated,  yet  that  the  cellules  usually  grow  so  Brmly 
together,  that  ^ir  sides  really  form  in  their  union  but  one 
membrane. 

The  bladders  of  cellular  tissue  are  destitute  of  all  perforation  or 
visible  pores,  so  that  each  is  completely  closed  up  from  its  neigh- 
bour, as  far  as  we  can  see ;  although,  as  they  have  the  power  of 
filtering  fluids  with  rapidity,  it  is  certain  that  they  must  abound 
in  invisible  pores,  and  that  they  are  not  impermeable,  as  if  they 
were  made  of  glass.  An  opinion  different  from  this  has  been 
and  is  still  entertained  by  some  observers,  who  have  described 
and  figured  perforations  of  the  membrane  in  various  plants. 
Mirbel  states  that  "  th^  sides  of  the  bladders  are  sometimes 
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riddled  full  of  holes  {^.2. ),  the  aperture  of  which 
does  not  exceed  tlie  j^j  of  a  millimetre  (or  of 
half  8  line) ;  or  are  less  frequently  pierced  with 
transverse  slits,  which  are  occasiontdly       ^ 
sonimierousaa  to  transform  the  bladders    ^^^ 
into  a  real  articulated  tissue,  as  in  the   m^^ 
pithof  theNeIurabium(j^.  3.)."  This   ^^ff 
statement  is  now  well  known  to  have     l^R 
been  founded  upon  inaccurate  observation ;  what  the     ^^^ 
supposed  pores  really  are  has  already  been  explained.     (See 
p.a) 

Wiih  reference  to  this  subject,  it  may  be  also  observed,  that 
the  bladders  often  contain  air-bubblee,  which  appear  to  havs 
no  direct  means  of  escape,  and  that  the  limits  of  colour 
are  often  very  accurately  defined  in  petals,  as,  for  instance,  in 
the  stripes  of  tulips  and  carnations,  which  oould  not  be  the 
case  if  cellular  tissue  were  perforated  by  such  holes  as  have 
been  descnbed ;  for  in  that  case  colours  would  necessarily  run 
t<^ther. 

One  of  the  most  striking  instances  with  which  I  am  ac- 
quainted, of  cellular  tissue  having  the  appearance  of  pores,  is 
in  Calycanthus,  where  it  was  pointed  out  to  me  by  Mr.  Va- 
renne.  {Plate  I.  fig.  1.)  But  even  in  this,  a  carefid  ex- 
amination with  glasses  of  different  magnifying  powers  shows 
^t  the  ^parent  pores  are  certainly  not  such,  but  composed  of 
a  solid  substance,  which  may  be  distinctly  seen  by  varying  the 
direcuon  of  the  rays  of  the  transmitted  light  with  which  it 
is  viewed.  Sometimes  they  appear  like  luminous  points ;  by 
a  little  alteration  of  light  they  acquire  a  brownish  tint ;  and  if 
seen  with  the  highest  powers  of  a  compound  microscope,  where 
there  is  a  great  loss  of  light,  they  become  perfectly  opaque. 

Cellular  tissue  is  always  transparent  and  colourless,  or  at 
most  only  slightly  tinged  with  green.  The  brilliant  colours 
of  VE^table  matter,  the  white,  blue,  yellow,  scarlet,  and  other 
hues  of  the  corolla,  and  the  green  of  the  bark  and  leaves,  is 
not  owing  to  any  dIfTerenoe  in  tlie  colour  of  the  bladders,  but 
to  colonring  matter  of  di^rent  kinds  which  they  contain. 
In  the  stem  of  the  Garden  Balsam  (Impatiens  balsamina),  a 
single  cell  is  frequently  red  in  the  midst  of  others  that  are 
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colourless.  Examine  the  red  bladder,  and  you  will  find  it 
filled  with  a  colouring  matter  of  which  the  rest  are  destitute. 
The  bright  satiny  appearance  of  many  richly  coloured  flowers 
depends  upon  the  colourless  quality  of  the  tissue.  Thus,  in 
Thysanotus  fascicularis,  the  flowers  of  which  are  of  a  deep 
brilliant  violet,  with  a  remarkable  satiny  lustre,  that  appear- 
ance will  be  found  to  arise  fi'om  each  particular  cell  containing 
a  single  drop  of  coloured  fluid,  which  gleams  through  the 
white  shining  membrane  of  the  tissue,  and  produces  the  flick- 
ering lustre  that  is  perceived.  Colouring  matter  of  the  cellular 
tissue  is  frequently  fluid,  but  is  in  the  leaves  and  other  parts 
more  commonly  composed  of  granules  of  various  sizes :  this  is 
particularly  the  case  in  all  green  parts ;  in  which  the  granules 
lie  amongst  greenish  liquid,  the  latter  of  which,  as  the  cells 
grow  older,  dries  up,  while  the  granules  themselves  gradually 
change  to  olive  green,  and  finally  to  brown. 

Kieser  distinguishes  three  sorts  of  globules  among  tissue  : 
—  1.  Round  extremely  transparent  bodies,  of  a  more  or  less 
regular  figure,  found  principdly  in  young  plants  and  in  coty- 
ledons, and  soluble  in  boiling  water;  it  is  these  that  constitute 
starch  or  faecula.  2.  Globules  of  a  small  size,  a  more  irre- 
gular figure,  and  coloured  either  green  or  some  other  tint. 
They  are  not  soluble  in  water,  but  are  so  in  alcohol;  but 
when  dissolved,  their  matter  is  not  precipitated  by  the  addition 
of  waiter,  on  which  account  they  are  distinguishable  from 
resinous  substances.  3.  Extremely  small  round  bodies,  vary- 
ing in  colour,  and  found  floating  in  the  proper  juices  of 
vegetables. 

The  first  mentioned  granules  are  what  Turpin  calls  Globu" 
line.  He  believes  them  to  be  young  cellules,  and  that  it  is 
from  them  that  new  tissue  is  developed.  There  does  not, 
however,  aiq)ear  to  be  any  sufficient  evidence  of  this,  which 
must  be  considered  at  present  mere  hypothesis.  It  has,  how- 
ever, been  substantially  adopted  by  Raspail,  who  asserts  that 
each  such  granule  has  a  point  of  attachment,  by  which  it  ad- 
heres to  the  lining  of  its  mother  cell ;  that  it  is  by  the 
developement  of  such  granules  and  their  mutual  pressure  that 
ceUuIar  tissue  is  produced;  and  that  all  the  varied  forms 
assumed  by  the  organs  of  plants  may  be  explained  by  refer- 
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ence  to  this  principle.  He  further  supposes,  that  each  such 
granule  is  one  of  the  elementary  molecules  of  the  membrane  of 
the  tissue,  in  a  state  of  developement.  Those  who  are  curious 
to  know  the  exact  nature  of  these  speculations,  should  consult 
the  memoir  of  Turpin,  in  the  Memmres  du  Museum^  vol.  xviii. 
p.  212.,  and  Raspail's  Nouveau  Systime  de  Chimie  Organique^ 
p.  83.  The  mode  in  which  cellular  or  any  other  tissue  is  really 
formed  has  been  clearly  made  out  in  two  separate  cases. 
Amici  found  that  the  new  tubes  of  Chara  appear  like  young 
buds,  from  the  points  or  axils  of  pre-existing  tubes,  an  ob- 
servation which  has  been  confirmed  by  Slack.  It  has  been 
distinctly  proved  by  Mirbel  that  the  same  thing  occurs  in  the 
case  of  Marchantia  polymorpha.  That  learned  botanist,  in 
the  course  of  his  enquiries  into  the  structure  of  this  plant, 
may  be  said  to  have  assisted  at  the  birth  of  its  cellular  tissue ; 
and  he  found  that  in  all  cases  one  tube  or  utricle  generated 
another,  so  that  sometimes  the  membranes  of  newly-formed 
tissue  had  the  appearance  of  knotted  or  branched  cords.  He 
satisfied  himself  that  new  parts  are  formed  by  the  generative 
power  of  the  first  utricle,  which  spontaneously  engenders  others 
endowed  with  the  same  property. 

The  bladders  develope,  in  some  cases,  with  great  rapidity.  I 
have  seen  Lupinus  pol}rphyllus  grow  in  length  at  the  rate  of  an 
inch  and  a  half  a  day.  The  leaf  of  Urania  speciosa  has  been 
found  by  Mulder  to  lengthen  at  the  rate  of  from  one  and  a 
half  to  three  and  a  half  lines  per  hour,  and  even  as  much  as  from 
four  to  five  inches  per  day.  This  may  be  computed  to  equal 
the  developement  of  at  least  4000  or  5000  bladders  per  hour. 
But  the  most  remarkable  instances  of  this  sort  are  to  be  found 
in  the  mushroom  tribe,  which  in  all  cases  develope  with  sur- 
prising rapidi^.  It  is  stated  by  Junghuns,  that  he  has  known 
the  Bovista  giganteum,  in  damp  warm  weather,  grow  in  a 
single  night  from  the  size  of  a  mere  point  to  that  of  a  huge 
gourd.  We  are  not  further  informed^of  the  dimensions  of  this 
specimen ;  but  supposing  its  cellules  to  be  not  less  than  the 
^^  of  an  inch  in  diameter,  and  I  suspect  they  are  nearer  the 
\jsji^  it  may  be  estimated  to  have  consisted,  when  fuU  grown, 
of  about  47,000,000,000  cellules ;  so  that,  supposing  it  to  have 
gained  its  size  in  the  course  of  twelve  hours,  its  bladders  must 
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have  developed  at  the  rate  of  near  4,000,000,000  per  hour, 
or  of  more  than  sixty-six  millions  in  a  minute. 

The  bladders  of  cellular  tissue  are  always  very  small,  but  are 
exceedingly  variable  in  size.  The  largest  are  generally  found 
in  the  gourd  tribe  (Cucurbitaceae),  or  in  pith,  or  in  aquatic 
plants ;  and  of  these  some  are  as  much  as  the  ^\  of  an  inch  in 
diameter ;  the  ordinary  size  is  about  the  xhjs  or  the  ^^  and 
they  are  sometimes  not  more  than  the  ^V?*  Kieser  has 
computed  that  in  the  garden  pink  more  than  5100  are  con- 
tained in  half  a  cubic  line. 

Cellular  tissue  is  found  in  three  essentially  different  states, 
the  membranotiSj  the  Jtbraus^  and  the  vasiform. 

Membranous  Cellular  Tissue  is  that  in  which  the  sides 
consist  of  membrane  only,  without  any  trace  of  fibre ;  it  is 
the  most  common,  and  was,  till  lately,  supposed  to  be  the 
only  kind  that  exists.  This  sort  of  tissue  is  to  be  considered 
the  basis  of  vegetable  structure,  and  the  only  form  indispens- 
able to  a  plant.  Many  plants  consist  of  nothing  else ;  and 
in  no  case  is  it  ever  absent.  It  constitutes  the  whole  of  Mosses, 
Algse,  Fungi,  Lichens,  and  tlie  like;  it  forms  all  the  pulpy 
parts,  the  parenchyma  of  leaves,  the  pith,  medullary  rays,  and 
principal  part  of  the  bark  in  the  stem  of  Exogens,  the  soft 
substance  of  the  stem  of  Endogens,  the  delicate  membranes  oi 
flowers  and  their  appendages,  and  both  the  hard  and  soft  parts 
of  fruits  and  seeds. 

It  appears  that  the  spheroid  is  the  figure  which  should  be 
considered  normal  or  typical  in  this  kind  of  issue ;  for  that  is 
the  form  in  which  bladders  are  always  found  when  they  are 
generated  separately,  without  exercising  any  pressure  upon 
each  other;  as,  for  example,  is  visible  in  the  leaf  of  the  white 
lily,  and  in  the  pulp  of  the  strawberry  or  of  other  soft  firuits, 
or  in  the  dry  berry  of  the  jujube.  All  other  forms  are  con- 
sidered to  be  caused  by  the  cois^resaion  or  extension  of  fli\ich 
spheroids. 

When  a  mass  of  spheroidal  bladders  is  pressed  together 
equally  in  all  directions,  rhomboidal  dodecahedrons  are  pro- 
duced, which,  if  cut  across,  exhibit  the  a[q)earance  of  hexa- 
gons.   (Plate  I.  fig.  12.)    This  is  the  state  in  which  the  tissue 
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is  found  in  the  pith  of  all  plants ;  and  the  rice  paper,  sold  in 
the  shops  for  making  artificial  flowers,  and  for  drawing  upon, 
which  is  really  the  pith  of  a  Chinese  plant,  is  an  excellent 
illustration  of  it.  If  the  force  of  extension  or  compression  be 
greater  in  one  direction  than  another,  an  endless  variety  of 
forms  is  produced,  of  which  the  following  are  the  most  worth 
noticing :  — 

1.  The  cbhng ;  in  the  stem  of  Orchis  latifolia,  and  in  the 
inside  of  many  leaves.     (Plate  L  fig.  9.) 

2.  The  lobed  (Plate  I.  fig.  2./);  in  the  inside  of  the  leaf  of 
Nuphar  luteum,  Lilium  candidum,  Vicia  Faba,  &c. :  in  this 
form  of  cellular  tissue  the  vesicles  are  sometimes  oblong  with 
a  sort  of  leg  or  projecting  lobe  towards  one  end ;  and  some- 
times irregularly  triangular,  with  the  sides  pressed  in  and  the 
angles  truncated.  They  are  well  represented  in  the  plates  of 
Adolphe  Brongniart's  memoir  upon  the  organisation  of  Leaves, 
in  the  Anrudes  des  Sciences,  vol.  xxi. 

3.  The  square;  in  the  cuticle  of  some  leaves,  in  the  bark  of 
many  herbaceous  plants,  and  fi*equently  in  pith.  (Plate  I. 
fig.  13.) 

4.  The  prismatical;  in  some  pith,  in  liber,  and  in  the  vici- 
nity of  vessels  of  any  sort.     (Plate  I.  fig.  6.) 

5.  The  cylindrical  (Plate  I.  fig.  8.  a);  in  Chara;  this  has 
been  seen  by  Amici  so  large,  that  a  single  bladder  measured 
four  inches  in  length  and  one  third  of  a  line  in  diameter. 
(Amu  des  Sciences,  vol.  ii.  p.  246.) 

6.  The  fiisifirm  or  the  oblong  pointed  at  each  end;  in 
wood,  and  in  the  membrane  that  surrounds  the  seed  of  a 
Grourd.  These  are  what  Dutrochet  calls  dostres.  (Plate  IL 
%.  19.  8.;  Plate  I.  fig.  5.) 

7.  The  murifarm;  in  the  medullary  rays.  This  consists  of 
prismatical  bladders  compressed  between  woody  fibre  or 
vessels,  with  their  principal  diameter  horizontal,  and  in  the 
direction  of  the  radii  of  the  stem.  It  is  so  arranged  that 
when  viewed  laterally  it  resembles  the  bricks  in  a  wall; 
whence  its  name.     (Plate  I.  fig.  7.) 

8.  The  compressed;  in  the  cuticle  of  all  plants.  Here  the 
bladders  are'  often  so  compressed  as  to  appear  to  be  only  a 
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single  membrane.     (Plate  I.  fig.  2.  a;  Plate  III.  fig.  3,  4, 
&c.) 

9.  The  sinuous;  in  the  cuticle,  and  also  sometimes  beneatli 
it,  as  in  the  leaf  of  Lilium  candidum.     (Plate  III.  fig.  5.) 

Cellular  tissue  is  fi-equently  called  Pgrenchymcu  Professor 
Link  distinguishes  Parenchyma  irora  Prosenchyma  ;  referring 
to  the  former  all  tissue  in  which  the  bladders  (Plate  I.  fig.  I. 
3.  6,  7,  &c.)  have  truncated  extremities;  and  to  the  latter, 
forms  of  tissue  in  which  the  bladders  taper  to  each  end,  and^ 
consequently,  overlap  each  other  at  their  extremities.  ( Plate  II. 
fig.  8.  19.) 

FiBRO-cELLULAR  TissuE  is  that  in  which  the  sides  are 
composed  either  of  both  membrane  and  fibre  togetlier,  or  of 
fibre  only. 

It  is  only  lately  that  this  kind  has  been  recognised.  The 
first  observation  with  which  I  am  acquainted  is  that  of  Mol- 
denhauer,  who,  in  1779,  described  the  leaves  of  Sphagnum  as 
marked  by  fibres  twisted  spirally.  (Fig.  1.  a,  p.  6.)  Link 
afterwards  stated,  that  the  supposed  fibres  were  nothing  but 
the  lines  where  small  cells  contained  in  a  larger  one  unite  to- 
gether; and  his  opinion  was  received.  It  is  nevertheless  cer- 
taui,  that  the  tissue  of  Sphagnum  is  as  Moldenhauer  described 
it.  In  November,  1827,  I  described  the  tissue  of  Maurandya 
Barclayana  as  consisting  of  bladders  formed  of  spiral  threads 
crossing  each  other,  interlaced  from  the  base  to  the  apex,  and 
connected  by  a  membrane.  A  few  other  solitary  cases  of  this 
kind  of  tissue  had  subsequently  been  observed  when  the  ad- 
mirable investigation  of  a  modern  anatomist  suddenly  threw 
an  entirely  new  light  upon  the  subject. 

Instead  of  being  very  rare,  cellular  tissue  of  this  kind 
appears  to  be  found  in  various  parts;  it  has  been  already 
mentioned  as  existing  in  the  leaves  of  Sphagnum ;  it  is  also 
found  in  the  pith  of  Rubus  odoratus.  I  originally  discovered 
it  in  the  parenchyma  of  the  leaves  of  Oncidium  altissimum, 
and  ill  the  coat  of  various  seeds.  Mr.  Griffith  has  detected 
it  abundantly  in  the  aerial  roots  of  Orchideous  plants,  observ- 
ations since  confirmed  by  Brown ;  and  Purkinje  has  shown, 
by  a  series  of  excellent  observations  and  drawings,  that  it 
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constitutes  the  lining  of  the  valves  of  ahnost  all  anthers.  The 
forms  under  which  it  exists  in  these  parts  are  far  more  various 
than  those  of  membranous  cellular  tissue.  The  principal 
varieties  are  these : — 

A.  Membrane  and  Fibre  combined. 

1.  Fibres  twisted  spirally,  adhering  to  a  spheroidal  or  angu- 
lar membrane,  and  often  anastomosing  irregularly,  without  the 
spires  touching  each  other.  (Plate  I.  fig.  12.)  This  is  what 
is  found  in  Oncidium  altissimum  leaves,  in  the  aerial  roots  of 
some  Orchideous  plants,  in  the  lining  of  many  anthers,  and  is 
what  Mohl  has  figured  ( Ueber  die  Poren^  Sfc.  tab.  i.  fig.  9.), 
from  the  pith  of  Rubus  odoratus.  It  approaches  very  nearly 
to  the  nature  of  spiral  vessels,  hereafter  to  be  described,  and 
appears  only  to  be  distinguishable  by  the  spires  of  the  fibres 
not  being  in  contact,  being  incapable  of  unrolling,  having  no 
elastici^  or  tenacity;  and  by  the  bladders  not  being  cylindri- 
cal and  tapering  to  each  end,  but  spheroidal. 

2.  Fibres  crossing  each  other  spirally,  and  forming  a  reti- 
culated appearance  by  their  anastomosing  within  oblong  blad- 
ders. Of  this  nature  are  the  reticulated  cells  of  the  seed-coat 
of  Maurandya  Barclayana,  Wightia  gigantea,  and  the  like. 
(Plate  I.  fig.  11.) 

3.  Fibres  running  spirally  close  together,  except,  at  certain 
places  where  they  separate  and  leave  between  them  small 
spaces,  which  appear  like  dots. 

4.  Fibres  running  spirally,  but  completely  grown  together 
except  at  certain  spaces  where  they  separate  and  leave  small 
dot-like  spaces.  This  and  the  last  have  been  noticed  by  Mr. 
Valentine  in  Orchideous  plants,  and  have  been  extremely 
well   figured  by    Slack.      {IVans.  Soc.  Arts^  vol.  xlix.  L  6. 

/  5,  6.) 

5.  Fibres  running  straight  along  the  sides  of  truncated 
cylindrical  cells  in  the  anthers  of  Calla  aethiopica  and  many 
other  plants.     (Plate  I.  fig.  13.) 

6.  Fibres  running  transversely  in  parallel  lines  round  three 
of  the  sides  of  prismatical  right-angled  ceUs,  in  the  anthers 
of  Nymphaeacefle,  &c. 
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7.  Fibres  very  short,  attached  to  the  sides  of  cells  of  various 
figures,  to  which  they  give  a  sort  of  toothed  appearance,  as  in 
the  anther  of  Phlomis  fruticosa  and  other  Labiatae.  (Plate  I. 
fig.  15.) 

The  last  three  were  first  noticed  by  Purkinje. 

8.  The  fibre  twisted  spirally,  in  the  open  membranous 
tubes  that  form  the  elaters  of  Jungermannia,  apparently 
constitutes  another  form  of  tissue  of  this  order.  (Plate  I. 
fig.  17.) 

B.  Fibre  without  Membrane,* 

9.  Spiral  fibres  repressed  by  mucus,  but  having  sufficient 
elasticity  to  uncoil  when  the  mucus  is  dissolved,  and  then 
breaking  up  into  rings.  (Plate  I.  fig.  16.)  These  are  what 
are  found  in  the  seed-coat  of  CoUomia  linearis.  They  approach 
spiral  vessels  so  very  nearly,  that  when  I  originally  discovered 
them  I  mistook  them  for  such.  They  are  known  by  their 
roundish  or  depressed  figure  when  at  rest,  and  by  the  want 
of  an  inclosing  membrane,  and  by  their  brittleness  when  un- 
coiled* 

10.  Fibres  short,  straight,  and  radiating,  so  as  to  form  little 
starlike  appearances,  found  in  the  lining  of  the  anthers  of 
Polygala  Chamaebuxus,  &c.  by  Purkinje.     (Plate  I.  fig.  19.) 

11.  Fibres  originating  in  a  circle,  curving  upwards  into  a 
sort  of  dome,  and  uniting  at  the  summit,  observed  by  the 
same  anatomist  in  the  anthers  of  Veronica  perfoliata,  &c. 

12.  Fibres  standing  in  rows,  each  distinct  from  its  neigh- 
bour, and  having  its  point  hooked,  so  that  the  whole  has  some 

*  It  is  not  improbable  that  this  form  was  in  the  beginning  of  its  growth 
composed  of  membrane.  Mirbel  has  indeed  shown  that  the  curious  cells 
which  line  the  anther  of  the  common  gourd  are  continuous  membranes  till 
just  before  the  expansion  of  the  flower,  when  they  very  suddenly  enlarge, 
and  their  sides  divide  into  narrow  ribands  or  threads,  curved  in  almost 
elliptical  rings  which  adhere  to  the  shell  of  the  anther  by  one  end ;  these 
rings  are  placed  parallel  with  each  other  in  each  cell,  to  which  they  give  an 
appearance  like  that  of  a  little  gallery  with  two  rows  of  pilasters,  the 
connecting  arches  of  which  remain  after  the  destruction  of  the  roof  anc 
walls. 
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resemblance  to  the  teeth  of  ^  currycomb,  in  the  anthers  of 
Campanula;  first  noticed  by  Purkinje.     (Plate  I.  fig.  18.) 

13.  Fibres  forming  distinct  arches,  as  seen  in  the  anthers  of 
Linaria  C3rmbalaria,  &c.  by  Purkinje.     (Plate  I.  fig.  4.)* 

Vasiform  Cellular  Tissue  (Tvbes poretix^  Vaisseaux  en 
chapeletj  Mirbel ;  Tlibes  corpusculif^es  of  Dutrochet.)  Tissue 
of  this  kind  consists  of  tubes  whose  sides  are  marked  with  nu- 
merous dots,  arranged,  in  a  more  or  less  spiral  manner,  and 
which  are  divided  internally  by  transverse  partitions.  Usually, 
in  addition  to  the  dots,  there  is  distinctly  visible  an  oblique  or 
annular  transparent  line  upon  the  walls  of  the  tube.  (Plate  IL 
fig.  1 5. 1 7. )  Hence  Kieser  viewed  them  as  spiral  vessels,  the  spires 
of  which,  when  old,  elongate,  and  become  connected  by  a  dotted 
membrane.  BischofF,  on  the  contrary,  considers  the  dots  to 
be  caused  by  the  separation  of  a  spiral  fibre  into  extremely 
minute  portions;  and  he  gives  a  figure  (Plate  II.  fig.  16.)  of 
the  manner  in  which  he  considers  this  change  to  occur. 

It  is  certain,  however,  that  this  kind  of  tissue,  which  has 
been  called  the  dotted  duct^  is  really  a  modification  of  cellular 
rather  than  of  vascular  tissue,  as  was  long  since  asserted  by 
Du  Petit  Thenars  (Arm.  des  Sciences^  vol.  xxi.  p.  224.);  for 
the  following  reasons :  —  If  it  were  such  a  modification  of  the 
spiral  vessel  as  Kieser  supposes,  it  would  have  none  of  those 
internal  partitions  by  which  it  is  particularly  known.  The 
same  remark  applies  to  the  theory  of  BischofF,  which  is  also 
imperfect,  in  not  accounting  for  the  nature  of  the  transverse 
transparent  lines  that  mark  the  sides  of  the  so-called  dotted 
ducts.  Besides,  this  tissue  always  terminates  abruptly,  not  in 
acute  cones,  as  has  been  seen  by  myself,  and  as  was  first  well 
represented  by  Griffith,  in  his  excellent  illustrations  of  the 
anatomy  of  Phytocrene  (Plate  II.  fig.  19, 20.),  and  it 
readily  separates  at  the  partitions ;  none  of  which  properties 

*  According  to  the  last  mentioned  author,  the  fibres  themselves  are 
generally  tubular,  and  either  perfectly  round  or  somewhat  compressed,  or 
even  three  or  four  sided.  He  considers  it  proved  that  they  are  hollow,  by 
their  appearance  when  compressed,  by  their  occastonally  containing  bub- 
bles of  air,  and  by  the  difference  between  their  state  when  dried  and  when 
recent. 
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are  those  of  a  spiral  vessel.  Tliat  die  partitions  really  exist, 
as  has  been  correctly  stated  by  Dutrochet,  tliere  can  be 
no  doubt,  notwithstanding  the  denial  of  the  fact  by  Link  and 
others.  They  mAy  be  seen  with  the  naked  eye  in  the  vasiform 
tissue  of  the  Cane,  the  Bamboo,  and  many  other  plants. 

Vasiform  tissue  is  therefore  to  be  considered  composed  of 
cylindrical  cells,  the  sides  of  which  are  covered  with  oblong 
granules,  looking  like  dots,  and  arranged  with  their  principal 
axis  across  the  tube,  and  the  united  ends  of  which  cause  the 
partitions  discoverable  upon  a  longitudinal  section.  It  is  these 
partitions,  moreover,  that  produce  the  external  appearance  of 
transverse  transparent  lines. 

Slack  takes,  however,  a  somewhat  different  view  of  the 
nature  of  the  dots.  He  considers  them  to  be  transparent 
spaces  in  the  sides  of  the  cells,  and  caused  by  the  separation, 
at  intervals,  of  a  spiral  fibre  whose  convolutions  are  partially 
and  firmly  united  in  the  spaces  between  the  dots ;  and  he  re- 
presents a  case  of  vasiform  tissue  from  Hippuris  in  illustration 
of  his  position.  This  is  a  very  ingenious  explanation,  and 
perhaps  the  true  one,  of  what  is  a  most  puzzling  circumstance, 
if  the  dots  are  really  granules,  viz.  the  great  regularity  with 
which  they  are  arranged.  But  it  requires  further  confirm- 
ation. 

The  vasiform  is  the  largest  of  all  kinds  of  tissue.  The  holes 
which  are  so  evident  to  the  naked  eye,  in  a  transverse  section 
of  the  oak  or  the  vine,  are  its  mouths;  and  the  large  openings 
in  the  ends  of  the  woody  bundles  of  Monocotyledonous  stems, 
as  in  the  Cane,  are  also  almost  always  caused  by  the  section 
of  vasiform  tissue.  The  stems  of  Arundo  Donax,  or  of  any 
larger  grass,  is  an  excellent  subject  for  seeking  it  in;  it  can  be 
readily  extracted  from  them  when  boiled. 

In  the  centre  of  some  of  the  bladders  of  the  cellular  tissue  of 
many  plants  there  is  a  roundish  nucleus,  apparently  consisting 
of  granular  matter,  the  nature  of  which  is  unknown.  It  was 
originally  remarked  by  Francis  Bauer,  in  the  bladders  of 
the  stigma  of  Phaius  Tankervilliae.  A  few  other  vegetable 
anatomists  subsequently  noticed  its  existence ;  and  Brown, 
in  his  Memoir  on  the  mode  of  impregnation  in  Orchideae  and 
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Asclepiadeffi,  has  mlade  it  the  subject  of  more  extended  observ- 
ation. According  to  this  gentleman,  such  nuclei  not  only 
occasionally  appear  on  the  cuticle  of  some  plants  (Plate  III. 
fig.  9.),  in  the  pubescence  of  Cypripedium  and  otliers,  and  in 
the  internal  tissue  of  the  leaves,  but  also  in  the  cells  of  the 
ovule  before  impregnation.  It  would  seem  that  Brown  con- 
siders stomates  to  be  formed  by  the  juxtaposition  of  two  of 
these  nuclei.     (See  also  Slacks  in  the  Trans,  Soc.  Arts,  xlix.) 


Sect.  II.  Of  Woody  or  Ligneous  Tissue. 

This  ( Vasa  Jtbrosa,  Lat. ;  Petits  tubes,  Mirb. ;  Tissu  cellu- 
laire  aEonge  or  ligneux,  Fr. ;  Vaisseaux  propres  fosciculairesj 
Mirb. ;  Lignece  JisiuUe,  Malpighi ;  Fasergefdsse,  or  Bastrohren, 
Germ.)  consists  of  very  slender  transparent  membranous 
tubes,  tapering  acutely  to  each  end,  lying  in  bundles,  and, 
like  the  cellular  tissue,  generally  having  no  direct  communi- 
cation with  each  other,  except  by  invisible  pores.  (Plate  II. 
fig.  1.  a,  i ;  2.  5.  a,  &c.)  Slack  states,  that  they  are  often  met 
with  open  at  their  extremities ;  "  which  probably  arises  either 
from  the  membrane  being  obliterated  where  it  was  applied  to 
another  fibre,  or  ruptured  by  the  presence  of  an  adjoining 
cell,  as  we  sometimes  find  the  conical  extremity  of  another 
tube  inserted  into  the  aperture." 

Many  vegetable  anatomists  consider  it  a  mere  form  of  cel- 
lular tissue,  in  an  elongated  state.  However  true  this  may  be 
in  theory,  woody  tissue  may  be  known  by  its  elongated  figure 
and  extremely  attenuated  character*;  usually  it  has  no  sort 
of  markings  upon  its  surface,  except  occasionally  a  particle  or 
two  of  greenish  matter  in  its  inside;  but  sometimes  it  is 
covered  with  spots  that  have  been  mistaken  for  pores,  and 
that  give  it  a  peculiar  character  (Plate  II.  fig.  3.  and  4.); 
and  I  have  remarked  an  instance,  in  Oncidium  altissimum,  of 

*  The  distiiiction  between  cellular  tissue  and  woody  fibre  is  more  pro- 
nounced in  the  long  club-shaped  aerial  radicle  of  Rhizophora  Candelaria, 
than  in  any  plant  with  which  I  am  acquainted.  It  there  consists  of  large, 
Tery  long,  transparent  tubes,  lying  imbedded  in  fine  brownish  granular 
matter,  which  is  minute  cellular  tissue. 
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its  having  tubercles  on  its  surface.  (Plate  II.  fig.  2.)  Gene- 
rally, while  cellular  tissue  is  brittle,  and  has  little  or  no  cohe- 
sion, woody  tissue  has  great  tenacity  and  strength;  whence  its 
capability  of  being  manufactured  into  linen.  Every  thing 
prepared  fi*om  flax,  hemp,  and  the  like,  is  composed  of  woody 
tissue;  but  cotton,  which  is  cellular  tissue,  bears  no  comparison, 
as  to  strength,  with  either  flax  or  hemp. 

Alphonse  De  Candolle  gives  the  following  as  the  result  ob- 
tained by  Labillardi^re,  as  to  the  relative  strength  of  different 
organic  fibres.  He  found  that,  in  suspending  weights  to 
threads  of  the  same  diameter, 

Silk  supported  a  weight  equal  to     .     .     34 

New  Zealand  flax, 23^ 

Hemp, 16i 

Flax, Hi 

Pita  flax  (Agave  Americana),  ...  7 
That  even  the  most  delicate  woody  tissue  consists  of  tubes, 
may  be  readily  seen  by  examining  it  witli  a  liigh  magnifying 
power,  and  also  by  the  occasional  detection  of  particles  of 
greenish  matter  in  its  inside.  (Plate  II.  fig.  2.  b.)  A  very 
different  opinion  has  nevertheless  been  held  by  some  physio- 
logists, who  have  thought  that  the  woody  tissue  is  capable  of 
endless  divisibility.  "  When,"  says  Duhamel,  "  I  have  ex- 
amined under  the  microscope  one  of  the  principal  fibres  of  a 
pear  tree,  it  seemed  to  me  to  consist  of  a  bundle  of  yet  finer 
fibres;  and  when  I  have  detached  one  of  those  fibres,  and  sub- 
mitted it  to  a  more  powerful  magnifying  power  than  the  first, 
it  has  still  appeared  to  be  formed  of  a  great  number  of  yet 
more  delicate  fibres."  {Physique  des  ArbreSy  i.  57.)  To  this 
opinion  Du  Petit  Thouars  assents,  conceiving  the  tenuity  of  a 
fibre  to  be  infinite,  as  well  as  its  extensibility.  (Essais  sur  la 
Vigetation^  p.  150.)  These  views  have  doubtless  arisen  from 
the  use  of  very  imperfect  microscopes ;  under  low  powers  of 
which  such  appearances  as  Duhamel  describes  are  visible; 
but  with  modern  glasses,  and  after  maceration  in  nitric  acid, 
or  even  in  pure  water,  each  particular  tube  can  be  separated 
with  the  greatest  facility.  Their  diameter  is  oflen  very  much 
less  than  that  of  the  finest  human  hair ;  the  tubes  of  hemp, 
for  example,  when  completely  separated,  are  nearly  six  times 
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smaller.  It  must,  however,  be  observed,  that  the  fibres  of 
this  plant,  as  used  in  linen-making,  are  by  no  means  in  a 
state  of  final  separation,  each  of  the  finest  that  meets  the 
naked  eye  being  in  reality  a  bundle  of  tubes.  While  some  do 
not  exceed  yjffjjs  of  an  inch  in  diameter,  others  have  a  diameter 
as  considerable  as  that  of  ordinary  cellular  tissue  itself;  in 
Coniferae  the  tubes  are  often  ^^ J^j  or  g^J^,  and  in  the  Lime  they 
average  about  -ri?*  Link  states  (Ekmenta,  p.  85.)  that  they 
are  very  large  in  trees  of  hot  countries,  as,  for  instance,  the 
Brazilian  coffee. 
There  are  three  distinct  kinds  of  woody  tissue :  — 
L  That  in  which  the  walls  are  not  occupied  with  either 
granules  or  glands  sticking  to  them,  or  in  which  the  former 
are  of  very  rare  occurrence.  (Plate  II.  fig.  1.)  This  is  the 
finest  and  the  commonest  of  all ;  and  is  also  the  most  genuine 
state  of  woody  tissue. 

2.  That  in  which  the  walls  have  uniformly  considerable 
numbers  of  granules  of  regular  size  sticking  to  them  in  a 
scattered  manner.  (Plate  II.  fig.  3,  4,  5.)  These  granules 
have  been  and  are  still  considered  by  many  anatomists  as 
pores  in  the  sides  of  the  tissue.  They  have  been,  in  parti- 
cular, so  described  and  represented  lately  by  Adolphe  Bron- 
gniart  in  Cycadese,  in  which  the  tubes  are  large,  and  the 
appearance  very  conspicuous.  (Annales  des  Sciences^  vol.  xvi. 
tab.  21.)  But  I  think  it  possible  to  demonstrate  that  this  is 
an  optical  deception,  and  that  the  supposed  perforations  are 
semitransparent  granides.  In  the  first  place,  no  colourless 
light  passes  through  the  supposed  pores  in  any  case ;  on  the 
contrary,  they  are  dark,  and  have  a  solid  appearance  at  all 
times,  except  when,  at  a  certain  distance  out  of  the  focus  of 
the  microscope,  they  become  luminous.  Secondly,  if  they 
were  holes,  they  would,  at  least,  be  seen  open  when  the  tissue 
is  dry  and  contracted,  although  they  might  close  up  when  it 
becomes  swollen  with  moisture.  That,  however,  they  never  are  t 
on  the  contrary,  they  are  more  opaque  when  dry  than  when  wet. 
Thirdly,  they  become  more  and  more  opaque  as  the  magnify- 
ing power  with  which  they  are  viewed  is  increased;  a  circum- 
stance which  seems  incompatible  with  perforations.  Finally, 
aiHl  it  is-  this  which  will  possibly  be  regarded  most  conclusive, 
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if  the  tissue  of  Zamia  be  allowed  to  remain  macerating  for 
some  time  in  dilute  nitric  acid,  the  apparent  pores  disappear : 
tliat  is  to  say,  the  granules  tliat  cause  the  appearance  of  per- 
forations are  dissolved.  It  has  been  thought  tliat  such  ap- 
pearances as  these  were  confined  to  Cycade»e  and  Coniferce ; 
but  I  suspect  that  tliey  are  far  from  uncommon  in  other  fami- 
lies. Such  tissue  constitutes  a  considerable  part  of  tlie  wood 
of  Calycanthus  (Plate  II.  fig.  4.),  as  has  been  already  noticed; 
and  it  is  abundant  in  Bragantia.  Tliis  kind  of  tissue  might 
be  called  granular  Koody  tissue .-  it  approaches  very  nearly  to 
the  character  of  vaBiform  tissue,  into  which,  in  Zamia,  it  seems 
to  pass  by  almost  insensible  transitions.  It  may,  however,  be 
known  eitlier  by  its  very  acuminated  extremities,  or  by  its 
granules  not  being  arranged  in  a  spiral  manner. 

3.  Tlie  third  kind  of  woody  tissue  is  the  fflamluhr.  This 
has  hitherto  only  been  noticed  in  Conifera-,  in  which  it  is  uni- 
formly found  in  every  species.  Its  dimensions  are  more  con- 
siderable than  that  of  either  of  the  last-mentioned  forms;  and, 
like  the  second,  it  has  been  described  as  perforated  with  pores. 
It  differs  from  granular  woody  tissue  in  the  markings  of  the 
tubes  being  vesicular,  and  usually  transparent,  with  a  dark- 
ened centre  (Plate  II.  fig.  5,  6.  8.),  which  last  is  what  has 
been  described  as  a  pore,  the  vesicle  itself  being  considered  a 
thickened  rim.  Kieser  figures  the  glands  as  pores,  both  in  Pine- 
*  5  wood   (j^.   4.), 

and  in  Ephedra 
{Jiff.  5.),  and  in 
other  cases  also. 
They  may  be 
most  conveni- 
ently found  by  examining  a  thin  shavuig  of  common  Pine- 
wood  (Finns  Strobus)  with  a  microscope,  when  they  will  be 
seen  in  the  form  of  transparent  globules,  having  a  dark 
centre,  and  placed  upon  the  walls  of  the  tissue.  That  these 
globules  are  not  pores,  seems  to  me  to  be  proved  thus :  they 
are  fiaccid  when  dry,  and  distend  when  moistened,  which  is 
not  the  property  of  a  pore;  their  centre  is  more  generally 
opaque  than  transparent,  which  is  also  not  tlie  property  of  a 
pore;  they  may  be  lorn  through  the  middle  without  any  hole 
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becoming  visible;  and,  finally,  they  may  sometimes  be  de- 
tached from  the  tissue  (Plate  II.  fig.  7.),  or  fall  away  spon- 
taneously. In  the  latter  case  they  leave  a  hole  in  the  tissue  at 
the  place  where  they  grew;  and  holes  thus  occasioned  misled 
Kieser  into  the  belief  that  the  woody  fibre  of  Ephedra  was 
really  pierced  with  pores  of  considerable  magnitude.  An 
illustration  of  the  manner  in  which  these  perforations  are 
caused  will  be  found  in  Plate  II.  fig.  7. 

A  diiFerent  explanation  is  given  by  Mohl,  whose  observa- 
tions have  been  confirmed  by  Unger.  In  the  opinion  of  these 
anatomists,  the  supposed  glands  of  coniferous  tissue  are  circu- 
lar spaces,  where  the  membrane  of  the  tube  becomes  abruptly 
extremely  thin ;  and  it  is  said  tliat  transverse  slices  of  coni- 
ferous wood,  made  at  an  angle  of  45°,  demonstrate  the  facL 

Adolphe  Brongniart  has  rightly  stated,  that  there  exists  in 
Gnetum  Gnemon  a  form  of  tissue  exactly  the  same  as  in 
Conifene.  {Voyage  de  Freycinet.)  In  a  species  of  that  genus 
collected  in  Tavoy  by  Dr.  Wallich,  the  glands  are  very  con- 
spicuous.    (Plate  II.  fig.  5.) 

Woody  tissue  constitutes  a  considerable  proportion  of  the 
ligneous  part  of  all  plants;  it  is  common  in  bark,  and  it  forma 
the  principal  portion  of  the  veins  of  leaves,  to  which  it  gives 
stiffness  and  tenacity. 


Sect.  III. 


f  Vascular  Tissue. 


Vascular  tissue  consists  of  simple  membranous  tubes  ta- 
pering to  each  end,  but  often  ending  abruptly,  either  having 
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a  fibre  generated  spirally  in  their  inside,  or  having  their  walls 
marked  by  transverse  bars  arranged  in  a  spiral  direction. 

Such  appears  to  me  to  be  the  most  accurate  mode  of  de- 
scribing this  kind  of  tissue,  upon  the  exact  nature  of  which 
anatomists  are,  however,  much  divided  in  opinion ;  some  be- 
lieving that  the  fibre  coheres  independently  of  any  membrane, 
others  doubting  or  denying  the  mode  in  which  the  vessels  ter- 
minate ;  some  describing  the  vessels  as  ramifying ;  and  a  fourth 
class  ascribing  to  them  pores  and  fissures,  as  we  have  already 
seen  has  been  done  in  cellular  and  woody  tissue.  It  will 
be  most  convenient  to  consider  all  these  points  separately, 
along  with  the  varieties  into  which  vascular  tissue  passes. 

There  are  two  principal  kinds  of  vascular  tissue ;  viz.  spiral 
vessels  (Plate  II.  fig.  9.  11.),  and  ducts  (Plate  II.  fig.  13.  15, 
16.  18.  20.) 

Spiral  VESSELS  (^.6,  7.)  (Vasa  spiralicu,  Lat;  Tracheceof 
many ;  FUtuka  spirales  of  Malpighi ;  Spiralgefasse  or  Schrau- 
hengefasse^  Germ. ;)  are  membranous  tubes  with  conical  extre- 
mities ;  their  inside  being  occupied  by  a  fibre  twisted  spirally, 
and  capable  of  unrolling  with  elasticity.  To  the  eye  they,  when 
at  rest,  look  like  a  wire  twisted  round  a  cylinder  that  is  after- 
wards removed.  For  the  purpose  of  finding  them  for  examin- 
ation, the  stalk  of  a  strawberry  leaf,  or  a  young  shoot  of  the 
Comus  alba  (common  dogwood)  may  be  conveniently  used ; 
in  these  they  may  be  readily  detected  by  gently  pulling  the 
specimen  asunder,  when  they  unroll,  and  appear  to  the  naked 
eye  like  a  fine  cobweb. 

Very  different  opinions  have  been  entertained  as  to  the 
exact  structure  of  spiral  vessels.  They  have  been  considered 
to  be  composed  of  a  fibre  only,  twisted  spiraUy,  without  any 
connecting  membrane ;  or  to  have  their  coils  connected  by  an 
extremely  thin  membrane,  which  is  destroyed  when  the  vessel 
unrolls ;  or  to  consist  of  a  fibre  rolled  round  a  membranous 
cylinder;  or  even,  and  this  was  Malpighi's  idea,  to  be  formed 
by  a  spiral  fibre  kept  together  as  a  tube  by  interlaced  fibres. 
Again,  the  fibre  itself  has  been  by  some  thought  to  be  a  fiat 
strap,  by  others  a  tube,  and  by  a  third  class  of  observers  a 
kind  of  gutter  formed  by  a  strap  having  its  edges  turned  a 
little  inwards.     Finally,   the  mode  in  which  they  terminate. 
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although  formerly  stated  by  Mirbel  to  be  continuous  with  the 
cellular  tissue,  is  so  little  known,  that  the  learned  De  Can- 
doDe,  in  his  Organographies  published  in  1827,  remarks, 
**  Personne  jusqu'  ici  n'a  vu  d'une  mani^re  claire,  ni  Torigine, 
ni  la  terminaison  d'un  vaisseau."  (P.  58.)  As  doubts  upon 
these  points  arise  from  the  extreme  minuteness  of  the  vessels, 
and  from  the  different  degrees  of  skill  that  observers  employ 
in  the  use  of  the  microscope,  I  can  scarcely  hope  that  any  ob- 
servations of  mine  will  have  much  wei^t.  Nevertheless,  I 
may  be  permitted  to  state  briefly  what  arguments  occur  to 
me  in  support  of  the  definition  of  the  spiral  vessel  as  given 
above. 

With  regard  to  the  presence  of  an  external  membrane 
within  which  the  spiral  fibre  is  developed,  it  must  be  con- 
fessed that  direct  observation  is  scarcely  sufficient  to  settle 
that  point.  It  is  easy  to  prove  the  existence  of  a  membrane, 
but  it  is  difficult  to  demonstrate  whether  it  is  external  or 
internal  with  respect  to  the  fibre.  The  best  mode  of  examin- 
ation is  to  separate  a  vessel  entire  from  the  rest  of  the  tissue^ 
which  may  be  done  by  boiling  the  subject,  and  then  tearing  it 
in  pieces  with  the  points  of  needles  or  any  delicate  sharp 
instrument :  the  real  structure  will  then  become  much  more 
apparent  than  if  the  vessel  be  viewed  in  connection  with  the 
surrounding  tissue.  From  some  beautifiil  preparations  of 
this  kind  by  Mr.  Valentine  and  Mr.  Griffith,  it  appears  that 
the  membrane  is  external  r  in  the  root  of  the  Hyacinth,  for 
example,  the  coils  of  the  spiral  vessel  touch  each  other^ 
except  towards  its  extremities ;  there  they  gradually  separate, 
and  it  is  then  easy  to  see  that  the  spiral  fibre  does  not  project 
beyond  the  membrane,  but  is  bounded  externally  by  the  latter, 
which  would  not  be  the  case  if  the  membrane  were  internal : 
a  representation  of  such  a  vessel  is  given  at  Plate  11.  fig.  9. 
Another  argument  as  to  the  membrane  being  external  may  not 
un&irly  be  taken  from  the  manifest  analogy  that  a  spiral 
vessel  bears  to  that  form  of  cellular  tissue  (p.  11.),  in  which  a 
spiral  fibre  is  generated  toithin  a  cellule :  it  is  probable  that 
the  origin  of  the  fibre  is  the  same  in  both  cases,  and  that  its 
position  with  r^ard  to  the  membrane  is  also  the  same. 
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It  is  much  more  difficult  to  determine  whether  the  fibre  is 
solid,  or  tubular,  or  flat  like  a  strap ;  and  Amici  has  even 
declared  his  belief  that  the  question  is  not  capable  of  solution 
with  such  optical  instruments   as   are   now  in   use.     When 
magnified   500   times   in   diameter,   a   fibre   appears   to  be 
transparent  in  the  middle,  and  more  or  less  opaque  at  the 
edges ;  a  circumstance  which  has  no  doubt  given  rise  to  the 
idea    that   it   is    a  strap  or  riband,  with  the    edges  either 
thickened,    according   to   De    Candolle,    or  rolled   inwards, 
according  to  Mirbel.     But  it  is  also  the  property  of  a  trans- 
parent cylinder  to  exhibit  this  appearance  when  viewed  by 
transmitted  light,  as  any  one  may  satisfy  himself  by  examin- 
ing a  bit  of  a  thermometer  tube.     A  better  mode  of  judging 
is,  perhaps,  to  be  found  in  the  way  in  which  the  fibre  bends 
when  the  vessel  is  flattened.     If  it  were  a  flat  thread,  tliere 
would  be  no  convexity  at  the  angle  of  flexure,  but  the  external 
edge  of  the  bend  would  be  straight     The  fibre,    however, 
always  maintains  its  roundness,  whatever  the  degree  of  pres- 
sure that  I  have  been  able  to  apply  to  it.     (Plate  II.  fig.  10.) 
This  I  think  conclusive  as  to  the  roimdness  of  the  fibre ;  but 
it  does  not  determine  the  question  of  its  being  tubular  or 
solid.     I  should  have  been  induced  to  think,  with  Bischoff*, 
who  has  investigated  the  nature  of  spiral  vessels  with  singular 
skill  (De  vera  Vasorum  Plantarwn  spiralium  Structurd  et  Fimc- 
Hone  Commentatioj  1829),  that  it  is  solid,  if  it  did  not  appear 
to  have  been  ascertained   by  Hedwig   that,  when  coloured 
fluids  rise  in  spiral  vessels,  they  follow  the  direction  of  the 
spires.      This  fact  may,  however,  be  explained  upon  the  sup- 
position that  they  rise  in  the  cliannels  formed  by  the  approxi- 
mation of  cylindrical  fibres,  and  not  in  the  fibres  tliemselves ; 
in  which  case  there  could  be  little  doubt  tliat  the  fibres  are 
really  solid. 

The  nature  of  the  termination  of  spiral  vessels  is  now 
placed  beyond  all  doubt,  by  the  preparations  of  Mr.  Valentine, 
above  alluded  to,  and  by  some  observations  of  my  own. 
It  was  stated  by  Nees  von  Esenbeck,  in  his  Hcmdbuch 
der  Botanik^  published  in  1820,  that  they  terminate  in  a 
conical  manner;  and  in  1824  Dutrochet  asserted,  that  they 
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end  in  conical  spires,  the  point  of  which  becomes  very  acute ; 
but  one  would  not  suppose,  judging  from  the  figure  given  by 
the  latter  writer,  that  he  had  seen  the  terminations  very 
clearly.  It  is,  however,  certain  that  the  statement  of  Nees 
von  Esenbeck  is  correct,  and  that  the  spiral  vessel  generally 
terminates  in  a  cone,  or  in  a  rounded  manner.  If  the  point 
of  such  a  vessel  in  the  Hyacuith  (Plate  II.  fig.  9.)  be  examined, 
it  will  be  seen  that  tlie  end  of  the  spiral  fibre  lies  just  within 
the  acute  point  of  the  vessel,  and  that  the  spires  become 
gradually  more  and  more  relaxed  as  they  approach  tlie  ex- 
tremity, as  if  their  power  of  extension  gradually  diminished, 
and  the  membrane  acquired  its  pointed  figure  by  the  diminu- 
tion of  elasticity  and  extensibility  in  the  fibre.  It  is  not, 
however,  always  in  a  distinct  membrane  that  the  spiral  vessel 
ends.  In  Nepenthes  the  fibres  terminate  in  a  blunt  cone,  in 
which  no  membrane  is  discoverable.     (Plate  II.  fig.  11.)* 

A  spiral  vessel  is  formed  by  the  convolutions  either  of  a 
single  spire,  or  of  many  always  turning  in  one  direction,  and 
forming  a  right-handed  screw  (SUzck).  In  the  first  case  it  is 
called  simple^  in  the  latter  compound.  The  simple  is  the  most 
common.  (Plate  II.  fig.  9.)  Kieser  finds  fi-om  two  to  nine 
fibres  in  the  Banana.  De  la  Chesnaye  as  many  as  twenty-two 
in  the  same  plant  There  are  four  in  Nepenthes.  (Plate  II. 
fig.  11.)  In  general,  compound  spiral  vessels  are  thought  to 
be  almost  confined  to  Endogenous  plants,  where  they  are  very 
common  in  certain  families,  especially  Marantacese,  Scitami- 
nece,  and  Musacese;  but  their  existence  in  Nepenthes,  and, 
according  to  Rudolphi,  in  Heracleum  speciosum,  renders  it 
probable  that  future  observations  will  show  them  to  be  not 
uncommon  among  Exogens  also. 

*  A  singular  change  occura  in  the  appearance  of  the  spiral  vessels  of 
Nepenthes,  after  long  maceration  in  dilute  nitric  acid,  or  caustic  potash : 
the  extremities  cease  to  be  conical  and  spirally  fibrous,  but  become  little 
transparent  oblong  sacs,  in  which  the  spires  of  the  fibres  gradually  lose 
themselves.  This  alteration,  which  is  a  very  likely  cause  of  deception,  is 
perhaps  owing  to  the  extremities  of  the  vessels  being  more  soluble  than  the 
other  part,  the  sac  being  the  confluent  dissolved  fibres.  This  is  in  some 
measure  confirmed  by  the  subsequent  disappearance  of  all  trace  of  fibres 
in  any  part  of  the  vessels,  under  the  influence  of  those  powerful  solvents. 
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In  Coniferae  the  spired  vessels  have  in  some  cases  their 
spires  very  remote,  and  even  have  glands  upon  their  mem- 
brane between  the  spires.    (Plate  II.  fig.  6.) 

In  size,  spiral  vessels,  like  other  kinds  of  tissue,  are  vari- 
able ;  they  are  generaUy  very  smaU  in  the  petals  and  filaments. 
Mirbel  states  them  to  be  sometimes  as  much  as  the  2d8th  of 
an  inch  in  diameter ;  Hedwig  finds  them,  in  some  cases,  not 
exceeding  the  3000th;  a  very  common  size  is  the  1000th. 

An  irritability  of  a  curious  kind  has  been  noticed  by  Mal- 
pighi  in  the  fibre  of  a  spiral  vessel.  He  says  (Anat.  p.  3.), 
that  in  herbaceous  plants,  and  some  trees,  especiaUy  in  the 
winter,  a  beautifiil  sight  may  be  observed,  by  tearing  gently 
asunder  a  portion  of  a  branch  or  stem  still  green,  so  as  to 
separate  the  coils  of  the  spires.  The  fibre  will  be  found  to 
have  a  peristaltic  motion,  which  lasts  for  a  considerable  time. 
An  appearance  of  the  same  nature  has  been  described  by 
Don  in  the  bark  of  Urtica  nivea.  These  observations  are, 
however,  not  conformable  to  the  experience  of  others.  De 
CandoUe  is  of  opinion  that  the  motion  seen  by  Malpighi  is 
due  to  a  hygroscopic  quality  combined  with  elasticity ;  and  as 
spiral  vessels  do  not  exist  in  the  bark  of  Urtica  nivea,  it  seems 
that  there  is  some  inaccuracy  in  Don's  remark. 

The  situation  of  spiral  vessels  is  in  that  part  of  the  axis  of 
the  stem  surrounding  the  pith,  and  called  the  medullary  sheath, 
and  also  in  every  part  the  tissue  of  which  originates  from 
it ;  such  as  the  veins  of  leaves,  and  petals,  and  of  all  other 
modifications  of  leaves.  It  has  been  supposed  that  they  are 
never  found  either  in  the  bark,  the  wood,  or  the  root;  and 
this  appears  to  be  generally  true.  But  there  are  exceptions 
to  this :  Mirbel  and  Amici  have  noticed  their  existence  in 
roots;  and  Mr.  Valentine  and  Mr.  GriflSth  have  both  ex- 
tracted them  from  the  root  of  the  Hyacinth ;  they  do  not, 
however,  appear  to  have  been  hitherto  seen  in  the  roots  of 
Exogens.  I  know  of  no  instance  of  their  existence  in  bark, 
except  in  Nepenthes,  where  they  are  found  in  prodigious 
quantities,  not  only  between  the  alburnum  and  the  liber,  em- 
bedded in  cellular  tissue,  as  was  first  pointed  out  to  me  by 
Mr.  Valentine,  but  also  sparingly  both  in  the  bark  and  wood* 
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They  have  been  described  by  myself  as  forming  part  of  the 
testa  of  the  seed  of  Collomia,  and  Brown  has  described 
them  as  existing  abundantly  in  that  of  Casuarina.  In  the 
former  case,  the  tissue  was  rather  the  fibro-cellular,  as  has 
been  already  explained  (p.  11.) ;  in  the  latter,  they  are  appa- 
rently of  an  intermediate  nature  between  the  fibro-cellular 
and  the  vascular ;  agreeing  with  the  former  in  size,  situation, 
and  general  aj^pearance,  but  differing  in  being  capable  of  un- 
rolling. In  the  stem  of  Endogens,  spiral  vessels  occur  in  the 
bundles  of  woody  tissue  that  lie  among  its  cellular  substance ; 
in  the  leaves  of  some  plants  of  this  description  they  are  found 
in  such  abundance,  that,  according  to  De  la  Chesnaye,  as 
quoted  by  De  CandoUe,  they  are  collected  in  handfuls  in  some 
islands  of  the  West  Indies  for  tinder.  The  same  author  in- 
forms us  that  about  a  drachm  and  a  half  is  yielded  by  every 
plantain,  and  that  the  fibres  may  be  employed  either  in  the 
manu&cture  of  a  sort  of  down,  or  may  be  spim  into  thread. 
In  Coniferous  plants  they  are  few  and  very  small,  and  in 
Flowerless  plants  they  are  for  the  most  part  altogether  absent; 
the  only  exceptions  being  in  Ferns  and  Lycopodiaceae,  orders 
occupying  a  sort  of  middle  place  between  flowering  and 
flowerless  plants :  in  these  they  no  doubt  exist  My  friend 
Mr.  Griffidi  has  succeeded  in  unrolling  them  in  the  young 
shoots  of  Lycopodium  denticulatum. 

Some  have  thought  that  the  spiral  vessels  terminate  in  those 
little  openings  of  die  cuticle  called  stomates ;  but  there  does 
not  seem  to  be  any  foundation  for  this  opinion. 

Ducts  (fig.  8,  9,  10,  11.)  (Fausses  irachies,  Fr.;  Lymr 
pluBducUy  or  Sap-vessels  of  Grew  and  others ;  Vaisseaux  lym- 
phatiques  of  De  Candolle,  Vaisseaux pneumatiques  of  others) 
are  membranous  tubes,  with  conical  or  rounded  extremities ; 
their  sides  being  marked  with  transverse  lines,  or  rings,  or 
bars,  and  being  incapable  of  unrolling  without  breaking. 

These  approach  so  nearly  to  the  spiral  vessel  that  it  is  im- 
possible to  doubt  their  being  a  mere  modification  of  it  Some 
writers  confound  all  the  forms  under  the  common  name  of 
spiral  vessels,  but  it  is  more  convenient  to  consider  them  as 
distinct,  not  only  en  account  of  their  peculiar  appearances,  but 
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because  they  occupy  a  station  in  plants  in  which  true  spiral 
vessels  are  not  often  found ;  and  it  is  therefore  probable  that 
their  functions  are  different.  They  vary  between  the  -^jj^  and 
the  ^i^  of  an  inch  in  diameter. 

All  the  forms  of  the  duct  seem  reducible  to  the  following 
varieties :  — 

1.  The  Closed  (Plate  11.  fig.  18.),  which  are  absolutely 
the  same  as  spiral  vessels,  except  that  they  will  not  unroll. 

2.  The  Annular  {fig.  10.,  and  Plate  II.  fig.  13.  *.).  These 
are  well  described  by  Bischoff  as  being  formed  of  fibrous 
rings,  placed  at  uncertain  intervals ;  or,  to  speak  more  accu- 
rately, they,  like  spiral  vessels,  are  formed  of  a  spiral  thread, 
but  it  is  broken  at  every  coil,  so  as  to  separate  into  a  number 
of  distinct  rings.  These  rings  are  included  within  a  membran- 
ous tube,  by  which  they  are  held  together.  Annular  ducts 
are  conunon  in  tlie  soft  parts  of  plants,  especiaUy  in  such  as 
gi'ow  with  much  rapidity;  in  the  Garden  Balsam  they  are 
particularly  abimdant. 

3.  The  Reticulated  {fig.  8.  11.,  and  Plate  II.  fig.  13.  a.). 
In  these  the  spiral  fibre,  instead  of  separating  into  a  number 
of  distinct  rings,  is  continuous  in  some  places,  and  anastomoses 
in  others,  so  as  to  form  a  sort  of  netted  appearance.  Vessels 
of  this  kind,  like  the  last,  are  found  in  the  stem  of  some 
herbaceous  plants;  as,  for  example,  the  Garden  Balsam,  in 
which  they  may  be  seen  in  a  great  variety  of  states. 

4.  The  Scalariform^  which  are  extremely  abundant  in  Ferns. 
These  are  angular  tubes,  whose  sides  are  marked  by  transverse 
bars  which  scarcely  reach  the  angles,  but  have  such  an  appear- 
ance as  is  exhibited  by  the  cellular  tissue  represented  at  fig.  3. 
page  7.  These  bars  are  miquestionably  formed  of  short 
lengths  of  solid  fibre,  as  is  exceedingly  obvious  in  the  wood  of 
Tree  Ferns. 

In  all  probability  the  spiral  vessel  is  the  type  of  all  these; 
and  the  differences  we  perceive  in  them  are  owing  to  the  vari- 
ous modes  in  which  they  are  subjected  to  the  developing 
forces.  Thus  the  closed  duct  may  be  considered  to  be  abso- 
lutely a  spiral  vessel,  with  little  or  no  power  of  unrolling ;  the 
annular  to  be  the  same  thing,  but  with  the  enveloping  mem- 
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brane  growing  more  rapidly  tlian  the  enclosed  fibre,  which  is 
consequently  broken  into  pieces  which  contract  into  rings. 
Reticulated  ducts  may  in  like  manner  be  considered  as  spiral 
vessels,  whose  internal  spire,  instead  of  snapping  into  short 
lengths  as  the  membrane  extends,  accommodates  itself  to  the 
growth  of  the  latter  by  separating  its  coils,  which  thus  gain  an 
irregular  direction,  and  grow  together  at  points  of  "variable 
distance.  I  think  this  view  of  the  nature  of  ducts  was  first 
taken  by  Mr.  Solly.  It  is  well  illustrated  by  Slack  in  the 
paper  already  referred  to,  and  it  derives  additional  strength 
from  the  fact,  which,  I  believe,  has  never  before  been  men- 
tioned, that  ducts,  common  as  they  are  in  the  Garden  Balsam 
when  full  grown,  are  scarcely  to  be  foimd  in  tliat  plant  in  a 
young  state. 

Some  anatomists  have  added  to  the  varieties  above  enumer- 
ated, what  they  call  strangulated  vessels  (vaisseaux  en  chapelet 
or  etrcmgUs^  corpuscula  vermiformia).  These  are  rightly  de- 
termined by  Bischoff  to  be  mere  accidental  forms,  caused  by 
their  irregular  compression,  when  growing  in  knots  or  parts 
that  are  subject  to  an  interrupted  kind  of  developement. 
They  may  be  found  figured  in  Mirbel's  El6mens^  tab.  x. 
fig.  15.;  and  in  Kieser,  fig.  56.  and  57.;  but  the  best 
view  of  their  origin  and  true  nature  is  in  Slack's  plate, 
fig.  33.,  in  the  Transactions  of  the  Society  of  Arts,  before 
referred  to. 

Vascular  tissue  always  consists  of  tubes  that  are  unbranched. 
They  have  been  represented  by  Mirbel  as  ramifying  in  some 
cases;  but  this  opinion  has  undoubtedly  arisen  from  imperfect 
observation.  When  forming  a  series  of  vessels,  the  ends  of 
the  tubes  overlay  each  other,  as  represented  in  Plate  II. 
fig.  18. 

Slack  states  that  the  membrane  is  often  obliterated  at 
the  place  where  two  vessels  touch  each  other,  and  that  trans- 
verse bars  only  remain  under  the  form  of  a  grating;  this 
appearance  is  produced  by  the  remains  of  the  spiral  fibre,  se- 
veral of  whose  convolutions  are  partially  uncovered  by  the 
absorption  of  the  enveloping  membrane.  It  would  hence  ap- 
pear that  ducts  open  into  each  other  at  their  points  of  contact. 
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Sect.  IV.     Of  spuriotis  elementary  Organs  ;  such  as  Air  Cells^ 
Receptacles  of  Secretion,  Glands,  Sfc,  SfQ. 

The  kinds  of  tissue  now  enumerated  are  all  that  have  as 
yet  been  discovered  in  the  febric  of  a  plant.  There  are, 
however,  several  other  internal  parts,  which  although  not 
elementary,  being  themselves  made  up  of  some  one  or  other 
of  the  forms  of  tissue  already  described,  nevertheless  have 
either  been  sometimes  considered  as  elementary,  or  at  least 
are  not  referable  to  the  appendages  of  the  axis,  and  can  be 
treated  of  more  conveniently  in  this  place  than  elsewhere. 
These  are,  1.  Intercellular  passages ;  2.  Receptacles  of  secre- 
tion ;  3.  Air  cells ;  4.  Raphides. 

1.  Of  Intercellular  Passages. 

As  the  elementary  organs  are  all  modifications  of  either  the 
spherical  or  cylindrical  figure,  it  must  necessarily  happen  that 
when  they  are  pressed  together,  spaces  between  them  will 
remain,  which  will  be  more  or  less  considerable  in  proportion 
as  the  tissue  preserves  in  a  greater  or  less  degree  the  cylindri- 
cal or  spherical  form.  When  the  pressm-e  has  been  very 
uniform,  as  in  the  case  of  the  tissue  of  the  cuticle,  and  in  many 
states  of  cellular  substance,  no  spaces  will  exist.  When  they 
do  exist,  they  are  called  Intercellular  passages  (meatus  or  ducttts 
interceUidaresj  canaux  entrecelltdaires).  They  necessarily  follow 
the  course  of  the  tissue,  being  horizontal,  vertical,  or  oblique, 
according  to  the  direction  of  the  angles  of  the  tissue  by  which 
they  are  formed.  Their  size  varies  according  to  the  size  of 
the  tissue  and  the  quantity  of  sap.  In  plants  of  a  dry  charac- 
ter, they  are  frequently  so  smaU  as  to  be  scarcely  discoverable; 
while  in  succulent  plants  they  are  so  large  as  to  approach  the 
size  of  cells,  as  in  the  stem  of  Tropaeolum  majus.  (Plate  II. 
fig.  14.)  They  are  remarkably  large  in  the  horizontal  parti- 
tions which  separate  the  air  cells  of  water  plants.  In  Limno- 
charis  Plumieri  they  exist  in  the  form  of  little  holes  at  every 
angle  of  the  hexagons  of  which  the  partitions  in  that  plant 
consist;  and  are,  no  doubt,  there  intended  as  a  beautiful  con- 
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trivance  to  enable  air  to  pass  freely  from  one  cavity  to  another. 
Alphonse  De  Candolle  and  Mohl  consider  the  vessels  of  latex 
of  Meyer,  or  the  vital  vessels  of  Schultz,  to  be  merely 
intercellular  passages ;  and  this  agrees  best  with  the  branched 
character  which  those  vessels  are  said  to  possess.  They  are 
described  by  Schultz  {Arch,  de  Bot.  ii.  422.)  as  composed  of 
tubes,  slender,  membranous,  transparent,  delicate,  soft,  flexi- 
ble, perfectly  close,  cylindrical  when  separated,  angular  when 
combined,  susceptible  of  contraction,  often  communicating  by 
branches  or  anastomoses,  and  containing  a  juice  which  is  more 
or  less  thick  and  coloiu-ed.  These  tubes  are  said  to  be  ex- 
tremely conmion ;  to  accompany  the  bundles  of  fibrous  cellular 
tissue  in  the  wood  of  both  Exogens  and  Endogens;  to  be  present 
either  singly  or  combined  in  the  cortical  integument;  and,  fi- 
nally, to  exist  in  roots,  stems,  leafstalks,  flowerstalks,  flowers,  or 
wherever  spiral  vessels  make  their  appearance.  It  may,  perhaps, 
be  supposed  that  these  are  instances  of  thin-sided  woody  tissue 
— and  their  so  constantly  accompanying  the  vascular  system 
would  seem  to  confirm  that  view ; — but  I  have  never  succeeded 
in  discovering  any  sides  to  them.  Their  thinness  is  altogether 
at  variance  with  the  structure  of  the  woody  tissue  in  the 
plants  where  they  are  more  particularly  said  to  exist,  and  the 
figures  of  such  tissue  by  Meyer  (Phytotomie^  t.  10.  yi  11.  and 
L  14.  B.B.),  together  with  the  account  given  by  Schultz  of  their 
shrinking  and  distending,  to  say  nothing  of  the  branching  al- 
ready noticed,  seem  altogether  to  point  to  intercellular  passages, 
and  not  to  any  special  form  of  tissue. 

2.  Of  Receptacles  of  Secretion. 

But  it  frequently  occurs  that  the  simple  intercellular  pas- 
sages are  dilated  extremely  by  the  secretions  they  receive, 
and  either  increase  unusually  in  size,  or  rupture  the  coats  of 
the  neighbouring  tissue ;  by  which  means  cavities  are  formed, 
replete  with  what  is  called  the  proper  juice  of  the  plant ;  tliat 
is  to  say,  with  the  sap  altered  to  the  state  which  is  peculiar  to 
the  particular  species  of  tree  producing  it.  Cavities  of  this 
nature  are  often  called  vasa  propria  ;  they  are  the  receptacula 
sued  of  Link ;  the  vaisseaux  propres  of  Kieser  and  De  Can- 
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doUe;  and  the  reservoirs  du  sue  propre  of  the  last  author. 
To  this  class  also  are  to  be  referred  the  turpentine  vessels^  and 
the  milk  vessels  of  Grew;  the  reservoirs  accidentels  of  De  Can- 
dolle ;  and  also  the  reservoirs  en  ccecum  of  the  latter,  which  are 
the  clavate  vessels  of  oil  found  in  the  coat  of  the  fruit  of  Um- 
belliferae,  and  which  are  commonly  called  vittce.  Although 
the  receptacles  of  secretion  have  no  proper  coat,  yet  they  are 
so  surroimded  by  cellular  tissue,  that  a  lining  or  wall  is 
formed,  of  perfect  regularity  and  symmetry.  The  tissue  of 
this  lining  is  generally  much  smaller  than  that  of  the  neigh- 
bouring parts.  In  figure,  the  receptacles  are  extremely  vari- 
able, most  commonly  roimd,  as  in  the  leaves  of  the  Orange 
and  of  all  Myrtaceae,  where  they  are  called  crypta^  or  glandules 
impresscBf  or  reservoirs  vesiculaires,  or  glandes  vesiculaires^  or 
receptacles  of  oil.  In  the  Pistacia  Terebinthus  the  receptacles 
are  tubular;  in  Coniferae  they  are  very  irregular  in  figure, 
and  even  position,  chiefly  forming  large  hollow  cylindrical 
spaces  in  the  bark.  Those  in  the  rind  of  the  orange  and 
lemon  are  little  oblong  or  spherical  cysts ;  their  construction, 
which  is  very  easily  examined,  gives  an  accurate  idea  of  that 
of  all  the  rest.     (Plate  II.  fig.  21.) 


3.  Of  Air  Cells. 

Besides  the  common  intercellular  passages,  and  the  recep- 
tacles now  described,  there  is  another  and  a  very  remarkable 
sort  of  cavity  among  the  tissue  of  plants.  This  is  the  air 
cell;  the  lacuna  of  Link,  the  reservoir  d'air  and  celltde  d^air  of 
Kieser,  and  the  lufibehdUer  of  the  Germans.  Like  the  recep- 
tacles of  secretion,  the  air  cells  have  no  proper  membrane  of 
their  own,  but  are  built  up  of  tissue;  and  this  sometimes  takes 
place  with  a  truly  wonderful  degree  of  uniformity  and  beauty. 
Each  cell  is  often  constructed  so  exactly  like  its  neighbour, 
that  it  is  impossible  to  regard  it  as  a  mere  accidental  dis- 
tension of  the  tissue :  on  the  contrary,  air  cells  are,  in  those 
plants  to  the  existence  of  which  they  are  necessary,  evidently 
formed  upon  a  plan  which  is  uniform  in  the  species,  and 
which  has  been  wisely  contrived  by  Providence  in  that  man- 
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ner  which  is  most  suitable  to  the  purpose  for  which  they  are 
destined. 

They  differ  from  receptacles  of  secretion  in  containing  air 
only,  and  not  the  proper  juice  of  the  plant;  a  peculiarity 
which  is  provided  for  by  a  curious  contrivance  of  Nature. 
In  receptacles,  the  orifices  of  the  intercellular  passages  through 
which  the  fluid  that  is  to  be  deposited  drains,  are  all  open ; 
but,  to  prevent  any  discharge  of  fluid  into  the  air  cells,  the 
orifices  of  aU  the  intercellular  passages  that  would  otherwise 
open  into  them  are  closed  up,  except  in  the  partitions  that 
divide  them  from  each  other. 

Air  cells  are  very  variable  in  size,  figure,  and  arrangement. 
In  the  stem  of  the  Rush  ( Juncus  articulatus),  they  consist  of  a 
number  of  tubular  cavities  placed  one  above  the  other,  and 
separated  by  membranous  partitions  composed  of  a  combin- 
ation of  minute  bladders ;  in  some  aquatic  plants  they  are  very 
small,  as  in  Butomus  umbellatus.  In  form  they  are  either 
cylindrical,  or  they  assume  the  figure  of  the  bladders  by  which 
they  are  formed,  as  in  Limnocharis  Plumieri  (Plate  III. 
fig.  I.  and  2.),  in  which  the  structure  of  the  air  cells  and 
their  coats  forms  one  of  the  most  beautiful  of  microscopical 
objects. 

The  inner  surface  of  the  air  cells,  when  they  are  essential 
to  the  life  of  a  plant,  is  smooth  and  uniform ;  but  in  grasses, 
umbelliferous  plants,  and  others  where  they  are  not  essential, 
they  seem  to  be  caused  by  the  growth  of  the  stem  being 
more  rapid  than  the  formation  of  the  air  cells ;  so  that  the 
tissue  is  torn  asunder  into  cavities  of  an  irregular  figure  and 
surface.  Kieser  was  the  first  to  observe  that  in  many  plants 
in  which  the  air  cells  of  the  stem  are  regularly  separated  by 
partitions,  the  intercellular  passages  of  the  bladders  forming 
the  partitions  are  sometimes  left  open,  so  that  a  free  commu- 
nication is  maintained  between  all  the  tiers  of  air  cells. 
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4.  OfRaphides. 


Among  the  tissue,  and  according  to  Raspail  exclusively  in 
tKe  intercellular  passages  of  plants,  are  found  certain  needle- 
shaped  transparent  bodies,  lying  either  singly  or  in  bundles, 
and  called  raphidex.  They  were  first  discovered  by  Rafn,  who 
found  them  in  the  milky  juice  of  Euphorbia; ;  afterwards  they 
were  met  with  by  Jurine,  in  the  leaves  of  Leucojum  vemum, 
and  elsewhere ;  and  they  are  now  well  known  to  all  vegetable 
anatomists.  If  a  common  Hyacinth  is  wounded,  a  consider- 
able  discharge  of  fluid  takes  place,  and  in  this  myriads  of 
slender  raphides  (fig.  14.)  are  found  floating;  or  if  tlie  cuticle 
of  the  leaf  of  Mirabilia  Jalapa  is  lifted  up,  little  whitish  spots 
are  observable,  which  are  composed  of  them ;  all  diese  are 
acicular  in  form,  whence  their  name.  But  in  the  Cactus  peni- 
vianuB  (fig.  13.)  they  are,  according  to  Turpin,  found  in  the 
inside  of  the  bladders  of  cellular  tissue,  and,  instead  of  being 
needle-shaped,  have  the  form  of  extremely  minute  conglomer- 
ated crystals,  which  are  rectangular  prisms  with  tetraedral 
BTinunits,  some  with  a  square,  others  with  an  oblong  base. 
Crystals  of  a  similar  figure  have  been  remarked  by  the  same 
observer  in  Rheum  palmatum  (fig.  12.);  and  their  presence, 
according  to  him,  is  sufficient  to  distinguish  samples  really 
from  China  and  Turkey,  from  those  produced  in  Europe. 
The  former  abound  in  these  crystals,  the  latter  have  hardly 
any. 

The  account  given  by  Raspail  is  something  different  fixjm 
this.  He  asserts  that  raphides  are  never  found  either  in  Cac- 
tus or  elsewhere  in  the  inside  of  the  bladders  of  cellular  tissue, 


CHAP.  I.  RAPUIDES.  35 

but  are  exclusively  placed  in  the  intercellular  passages.  The 
slender  kind  (fig.  14.)  he  states  to  be  crystals  of  phosphate  of 
lime,  from  -fc  to  -j^^  of  a,  millimetre  in  length,  and  to  be  in 
reality  six-sided  prisms,  terminated  at  each  end  by  a  pyramid 
with  the  same  base.  The  crystals  found  in  the  Cactus  and 
Rhubarb  (fig.  12.  and  13.),  he  says,  are  composed  of  oxalate 
of  lime;  and  he  represents  them  to  be  right-angled  prisms, 
terminating  in  a  four-sided  p3rramid.  {Notw.  Syst.  de  ch.  &rg. 
p.  522.)  Mohl  differs  from  this  statement.  He  says  that  ra- 
phides  are  never  six-sided  prisms,  as  Raspail  asserts ;  but  that 
they  are  right-angled  four-sided  prisms,  which  gradually  vanish 
into  points.  And  he  declares  that  Meyen  is  right  in  asserting 
that  the  raphides  are  constantly  formed  inside  the  bladders, 
and  never  in  the  interstitial  passages  of  cellular  tissue.  {^Anat. 
Palm.  p.  28.) 
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CHAPTER  II. 

OF   THE    COMPOUND    ORGANS    IN    FLOWERING    PLANTS. 

Having  now  explained  the  more  important  circumstances 
connected  with  modifications  in  the  elementary  organs  of 
vegetation,  the  next  subject  of  enquiry  will  be  tlie  manner  in 
which  they  are  combined  into  those  masses  which  constitute 
the  external  or  compound  organs,  or  in  otlier  words  the  parts 
that  present  themselves  to  us  under  the  form  of  roots,  stems, 
leaves,  flowers,  and  fruit,  and  that  constitute  the  apparatus 
through  which  all  the  actions  of  vegetable  life  are  performed. 
In  doing  this,  I  shaD  limit  myself  in  the  first  place  to  Flower- 
ing Plants  (IrUroduction  to  the  Natural  System^  p.  1.) ;  reserv- 
ing for  the  subject  of  a  separate  chapter  the  explanation  of 
some  of  the  compound  organs  of  Flowerless  plants  (ibid. 
p.  307.),  which  differ  so  much  in  structure  from  all  others,  as 
to  require  in  most  cases  a  special  and  distinct  notice. 

Sect.  I.     Of  the  Cutick  and  its  Appendages, 

1.  Of  the  Cuticle. 

Vegetables,  like  animals,  are  covered  externally  by  a  thin 
membrane  or  cuticle,  which  usually  adheres  firmly  to  the  cel- 
lular substance  beneath  it  To  the  naked  eye  it  appears  like 
a  transparent  homogeneous  skin,  but  under  the  microscope  it 
is  found  to  be  traversed  in  various  directions  by  lines,  which, 
by  constantly  anastomosing,  give  it  a  reticulated  character. 
In  some  of  the  lower  tribes  of  plants,  consisting  entirely  of 
cellular  tissue,  it  is  not  distinguishable,  but  in  all  others  it  is 
to  be  found  upon  every  part  exposed  to  the  air,  except  the 
stigma  and  the  spongelets  of  the  roots.  It  is,  however,  as 
constantly  absent  from  the  surface  of  parts  which  live  under 
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water.  Its  usual  character  is  that  of  a  delicate  membrane, 
but  in  some  plants  it  is  so  hard  as  almost  to  resist  the  blade 
of  a  knife,  as  in  the  pseudo-bulbs  of  certain  Orchideous  plants. 
The  most  usual  form  of  its  reticulations  is  the  hexagonal 
(Plate  IIL  fig.  11.) :  sometimes  they  are  exceedingly  uncer- 
tain in  figure;  often  prismatical;  and  not  unfrequently  bounded 
by  sinuous  lines,  so  irregular  in  their  direction  as  to  give  tlie 
meshes  no  determinate  figure  (fig.  5.). 

Botanists  are  not  entirely  agreed  upon  the  exact  nature  of 
the  cuticle;  while  the  greater  number  incline  to  the  opinion 
that  it  is  an  external  layer  of  cellular  tissue  in  a  dry  and 
compresscnl  state;  others,  among  whom  are  included  both 
Kieser  and  Amici,  consider  it  a  membrane  of  a  peculiar  na- 
ture, transversed  by  veins,  or  vasa  lymphatiea. 

By  the  latter  it  is  contended,  that  the  sinuous  direction  of 
the  lines  in  many  cuticles  is  incompatible  with  the  idea  of  any 
thing  formed  by  the  adhesion  of  cellular  tissue ;  that  when  it 
is  once  removed,  the  subjacent  tissue  dies,  and  does  not  be- 
come cuticle  in  its  turn,  and  that  it  may  often  be  torn  up 
readily  without  laceration. 

On  the  other  hand,  it  is  replied,  that  the  reticulations  of 
the  cuticle  are  mostly  of  some  figure  analogous  to  that  of  cel- 
lular tissue,  and  that  the  sinuous  meshes  themselves  are  not  so 
different  as  to  be  incompatible  with  the  idea  of  a  membrane 
formed  of  adhering  bladders.  We  are  accustomed  to  see  so 
much  variety  in  the  mere  form  of  all  parts  of  plants,  that  an 
anomalous  configuration  in  cellular  tissue  should  not  surprise 
us.  The  lines,  or  supposed  lymphatic  vessels,  are  nothing 
more  than  the  united  sides  of  the  bladders,  and  are  altogether 
the  same  as  are  presented  to  the  eye  by  any  section  of  a  mass 
of  cellular  substance.  It  is  certain  that  the  cuticle  cannot  be 
removed  without  lacerating  the  subjacent  tissue,  with  however 
much  &cility  it  may  be  sometimes  separable :  on  the  under 
surface  of  the  leaf  of  the  Box,  for  instance,  there  has  plainly 
been  some  tearing  of  the  tissue,  before  the  cuticle  acquired  the 
loose  state  in  which  it  is  finaUy  found.  If  the  subjacent  epi- 
dermis never  becomes  cuticle  when  the  latter  is  removed,  this 
IS  no  reason  why  the  cuticle  itself  should  not  be  composed  of 
cellular  tissue;  for  it  is  an  axiom  in  vegetable  physiology,  that 
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a  part  once  fuUy  formed  is  incapable  of  any  subsequent  change. 
Thus,  pith  never  alters  its  dimensions,  after  the  medullary 
sheath  that  encloses  it  has  been  once  completed,  and  a  zone  of 
wood  never  contracts  or  expands  after  it  has  been  deposited : 
new  matter  may  be  added  to  any  part,  but  the  arrangement  of 
the  tissue,  once  fixed,  remains  unchangeable. 

The  principal  argument,  however,  in  favour  of  cuticle  being 
compressed  cellular  tissue,  is,  that  in  the  cuticle  of  many 
plants  the  cellular  state  is  distinctly  visible  upon  a  section 
(Plate  I.  fig.  2.  a) ;  that  it  even  consists  occasionally  of  several 
layers  of  bladders,  as  in  the  Oleander  and  many  epiphytes  of 
the  Orchis  tribe ;  and  that,  as  there  is  no  reason  to  doubt 
that  Nature  is  as  uniform  in  the  plan  upon  which  cuticle  is 
constructed  as  in  all  her  other  works,  in  those  cases  in  which 
the  cellular  structiure  is  less  distinctly  visible,  we  are  never- 
theless justified  by  sound  philosophy  in  recognising  it ;  while, 
on  the  other  hand,  it  would  be  highly  unphilosophical  to  sup- 
pose that  the  cuticle  is  formed  in  some  plants  upon  one  plan, 
and  in  others  upon  a  totally  different  one.  It  may  be  farther 
remarked,  that  separable  cuticle  may  often  be  traced  into 
that  which,  being  younger,  is  both  inseparable  and  un- 
disdnguishabie  firom  the  other  cellular  substance  with  which 
it  is  in  contact,  and  bom  which  it  possesses  no  organic 
difference. 

There  is  some  reason  to  suppose  that  there  is  occasionaUy 
present,  on  the  outside  of  the  cuticle,  a  transparent,  very  deli- 
cate membrane,  having  no  organic  structure,  as  far  as  can  be 
discovered  with  the  most  powerful  microscopes.  Some- 
thing of  this  kind  has  been  noticed  by  Adolphe  Brongniart 
in  the  Cabbage  leaf;  an  analogous  structure  has  been  re- 
marked by  Henslow  in  the  Digitalis;  and  I  have  found  it 
very  conspicuous  on  the  upper  side  of  the  leaves  of  Dionaea 
muscipula.  It  can  however  be  found  only  after  long  ma- 
ceration of  the  parts ;  and  consequently  we  are  uncertain 
whether  to  regard  it  as  organic,  which  is  not  probable,  or 
inorganic  like  the  cuticle  of  man,  and  caused  either  by  the 
decomposition  of  part  of  the  cuticle,  or  by  some  secretion 
from  it.  Adolphe  Brongniart  has  paid  some  attention  to  this 
subject  {Ann.  dee.  Sc.  2  ser.  I.  65.),  and  finds  the  pellicle  by 
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no  means  uncommon ;  he  even  thinks  it  is  present  in  sub- 
mersed leaves,  and  imagines  that  it  overlies  the  stigma  in 
some  plants.  I,  however,  find  nothing  very  definite  in 
r^ard  to  this,  except  that  the  pellicle  often  exists,  and  that  it 
does  not  cover  the  stomates. 


2.  Of  Stomates. 

In  most  plants  the  cuticle  has  certain  openings  of  a  very 
peculiar  character,  which  appear  connected  with  respiration, 
and  which  are  called  Stomatesj  or  Stomata.  (Plate  Ilh passim.) 

Stomates  {Pores  of  the  epidermis  ;  Pores  corticaux^  alUmgesy 
^vaporatoires,  or  grands  pores  ;  Glands  corticales,  miliaires,  or 
epidermoidales ;  Glanduhs  cutanetB  ;  Oeffi^vngen  ;  Stomatia;) 
are  passages  through  the  cuticle,  having  the  appearance  of 
an  oval  space,  in  the  centre  of  which  is  a  slit  that  opens  or 
closes  according  to  circumstances,  and  lies  over  a  cavity  in  the 
subjacent  tissue. 

There  is,  perhaps,  nothing  in  the  structure  of  plants  upon 
which  it  is  more  difficult  to  form  any  satisfactory  opinion 
than  these  stomates.  Malpighi  and  Grew,  the  latter  of  whom 
seems  first  to  have  figured  them  (t.  48.,  fig.  4.),  call  them 
openings  or  apertures,  but  had  no  exact  idea  of  their  struc- 
ture. Mirbel  also,  for  a  long  time,  considered  them  pores,  and 
figured  them  as  such ;  admitting,  however,  that  he  suspected 
the  openings  to  be  an  optical  deception.  De  Candolle  enter- 
tains no  doubt  of  their  being  passages  through  the  cuticle. 
He  says  their  edge  has  the  appearance  of  a  kind  of  oval 
sphincter,  capable  of  opening  and  shutting.  The  membrane 
that  surrounds  this  sphincter  is  always  continuous  with  that 
which  ccmstitutes  the  network  of  the  cuticle  :.^under  the  latter, 
and  in  the  interval  between  the  pore  and  the  edge  of  the 
sphincter,  are  oflen  found  molecules  of  adhesive  green  matter 
{Organogr.  i.  80.) ;  and  recently  Adolphe  Brongniart,  in  his 
beautiful  figures  of  the  anatomy  of  leaves,  would  seem  to  have 
settled  the  question  beyond  all  dispute.  (Annaksdes  Sciences^ 
vol.  xxL)  Nevertheless  there  are  anatomists  of  high  reputation 
who  entertain  a  directly  opposite  opinion ;  denying  the  ex- 
istence of  passages,  and  considering  the  stomates  rather  in 
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the  light  of  glands.  Nees  von  Esenbeck  and  Link  deny  the 
existence  of  any  perforation  in  the  stomates,  and  consider 
diat  the  supposed  opening  is  a  space  more  pellucid  than  the 
surrounding  tissue,  and  that  what  seems  a  closed  up  slit  is  the 
thickened  border  of  the  space.  Link  further  adds,  that  the 
obscuration  of  the  centre  of  the  stomates  is  caused  by  a  pecu- 
liar secretion  of  matter,  as  is  plainly  visible  in  Baryosma 
serratum.  {Ekmenta,  p.  225.)  To  the  views  of  these  writers 
is  to  be  added  the  testimony  of  Brown  {SuppL  prim.  Prodr, 
p.  1.),  who  describes  the  stomates  as  glands  which  are  really 
almost  always  imperforate,  with  a  disk  formed  by  a  membrane 
of  greater  or  less  opaqueness,  and  even  occasionally  coloured ; 
at  the  same  time  he  speaks  of  the  disk  being,  perhaps^  some- 
times perforated. 

In  the  midst  of  such  conflicting  testimony,   an   observer 
necessarily  finds  much  di£Sculty  in  fixing  his  opinion. 

In  no  plants  are  stomates  larger  than  in  some  Monocotyle- 
dons ;  they  are,  therefore,  the  best  subjects  for  examination 
for  general  purposes.  In  Crinum  amabile  they  evidently  con- 
sist of  two  kidney-shaped  bodies  fiUed  with  green  matter, 
lying  upon  an  area  of  the  cuticle  smaller  than  those  that  sur- 
round it,  and  having  their  incurved  sides  next  each  other. 
In  some,  at  the  part  where  the  kidney-shaped  bodies  come  in 
contact,  there  is  an  elevated  ridge,  dark,  as  if  filled  with  air, 
and  having  its  principal  diameter  distinctly  divided  by  a  line. 
(Plate  III.  fig.  IL)  In  this  state  the  stomate  is  at  rest :  but 
in  others  the  kidney-shaped  bodies  are  much  more  curved ; 
their  sides  are  more  separated  from  each  other ;  and  there  is 
no  elevated  ridge :  at  thieir  former  line  of  contact  there  b  an 
opening  so  distinct  and  wide  as  to  be  equal  to  half  the  dia- 
meter of  one  of  the  kidney-shaped  bodies ;  this,  I  presume,  is 
the  stomate  open.  That  what  is  described  to  be  an  opening, 
is  really  so,  seems  to  be  demonstrated  by  the  following  tests : 
—1.  It  is  more  transparent  than  any  part  of  the  most  trans- 
parent portion  of  the  cuticle ;  2.  It  admits  transmitted  light 
without  interruption ;  as  is  seen  by  gradually  augmenting  the 
magnifying  power  by  which  it  is  viewed,  when  the  opening 
continues  transparent,  notwithstanding  the  great  loss  of  light 
that  attends  the  use  of  very  high  powers  in  compound  mi- 
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croscopes ;  and,  3.  None  of  those  arts  which  the  microscopic 
observer  knows  so  well  how  to  employ,  such  as  shifting,  aug- 
menting, or  decreasing  the  light,  interposing  moveable  sha- 
dows between  the  mirror  and  the  object,  and  the  like,  give 
the  least  indication  of  the  presence  of  any  membrane  across 
the  orifice  of  the  stomate.  I  therefore  conclude,  that,  in 
Crinum  amabile,  the  stomates  are  formed  by  two  elastic  kid- 
ney-shaped bladders,  lying  over  an  opening  in  the  middle  of 
a  contracted  area  of  cuticle ;  that  these  bladders,  when  ex- 
panded, meet,  and  press  powerfully  against  each  other,  like 
two  opposing  springs;  thus  causing  the  elevated  ridge-like 
appearance  visible  in  the  axis  of  the  stomate  in  the  figure  above 
referred  to;  and  that,  when  contracted,  they  curve  in  an 
opposite  direction,  separating  from  each  other,  and  ceasing 
to  close  up  the  aperture  over  which  they  lie.  If  it  were  pos- 
sible to  be  absolutely  certain  of  the  accuracy  of  this  description, 
the  structure  of  the  stomate  in  Crinum  amabile  might  be  safely 
taken  as  the  type  of  all  others ;  for,  no  doubt,  they  are  all 
constructed  upon  a  similar  plan.  Without  actually  asserting 
so  much  as  this,  it  may  be  stated,  that,  of  many  hundreds  of 
observations  I  have  made  upon  this  subject,  I  have  not  met 
with  any  thing  that  has  led  me  to  doubt  the  uniformity  of 
their  nature,  or  their  general  accordance  with  what  is  found 
in  Crinum  amabile,  whatever  that  may  be.  Or  at  least,  the 
only  difference  is  this,  that  while  the  two  bladders  that  form 
the  edges  of  the  aperture  are  distinctly  separated  at  their  ex- 
tremities in  this  plant,  they  are  often  confluent  in  others,  as 
in  Caladium  esculentum.  (Plate  III.  fig.  9.)  All  this  appears 
fiilly  confirmed  by  the  curious  observations  of  Mirbel,  who 
found  that  in  Marchantia  the  stomates  are  formed  in  the  fol- 
lowing manner.  The  appearance  on  the  upper  surface  of  this 
plant  of  a  depression  with  four  or  five  bladders  cmfunged  in  a 
circle,  is  a  certain  sign  of  the  commencement  of  stomates. 
The  bottom  of  this  depression  at  a  certain  time  is  pierced  by 
a  large  square  hole,  either  by  the  destruction  of  a  central 
bladder,  or  by  the  separation  of  the  sides  of  four  or  five  blad- 
ders at  their  angles  nearest  the  centre  of  the  depression. 

Several  varieties  are   represented  at  Plate  III.;  besides 
which,  stomates  have  been  noticed  by  Link  to  be  occasionally 
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quadrangular,  as  in  Yucca  gloriosa  (Plate  IIL  fig.  10.),  and 
Agave  americana,  and  by  Brown  to  be  very  rarely  angular, 
of  which,  however,  no  instance  is  cited  by  that  botanist.  The 
former  case  is  one  in  which  the  quadrangular  figure  is  caused 
by  the  cellules  being  straight ;  I  am  not  aware  if  Brown  means 
the  same  thing.  I  have  never  been  so  fortunate  as  to  discover 
the  membrane  which  this  great  observer  describes  as  generally 
overlying  the  apertures;  nor  do  I  know  of  any  other  botanist 
having  confirmed  that  observation.  It  cannot  be  the  pellicle 
already  described,  because  it  has  been  found  that  that  part 
never  overlies  the  stomates  (see  page  39.) 

Nerium  oleander  and  some  other  plants  have,  in  lieu  of 
stomates,  cavities  in  the  cuticle,  curiously  filled  up  or  pro- 
tected by  hairs.  (See  Armales  des  Sciences^  xxL  438.) 

A  very  remarkable  state  of  the  same  organs  occurs  in  Ne- 
penthes ;  in  that  plant  there  are  stomates  of  two  kinds,  the 
one  oblong,  semitransparent,  and  almost  colourless,  with  nu- 
merous pellucid  globules  in  the  cavity  of  their  cells ;  the  other 
roundish,  much  niore  opaque,  and  coloured  red.  The  latter 
do  not  communicate  immediately  with  internal  cavities  in  the 
parenchyma,  but  are  in  contact  with  an  internal  deep  brownish- 
red  gland,  the  lower  side  of  which  sometimes  appears  to  have 
six  regular  plane  faces  obliquely  resting  upon  a  central  face, 
or,  in  other  cases,  to  be  composed  of  six  cells  surrounding  a 
seventh,  all  being  filled  with  dark  red  colouring  matter.  The 
nature  and  use  of  these  glands,  and  of  the  stomates  that  ac- 
company then^  is  unknown.  Something  analogous  to  them 
'  is  met  with  in  Dionaea  muscipula,  and  may  perhaps  be  con- 
nected with  the  excessive  irritability  of  its  leaves.  If  the 
upper  surface  of  that  plant,  where  the  irritability  exclusively 
exists,  be  attentively  examined,  it  will  be  found  to  be  densely 
covered  with  minute  red  dots,  which  by  a  little  rubbing  in  water 
may  be  separated  from  the  cuticle.  These  dots  are  discoidal 
glands  originating  upon  roundish  green  stomates,  bearing  the 
same  relation  to  the  stomates  of  Dionaea  as  the  hexagonal  glands 
to  those  of  Nepenthes,  except  that  in  the  latter  the  glands  are 
below  die  cuticle,  and  in  the  former  they  are  on  its  outside. 
E^h  gland  in  Diono^a  has  a  double  convex  form,  and  consists 
of  about  fourteen  bladders  at  die  circumference.    It  is  probable 
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that  the  stomates  from  which  such  glands  arise  are  altogether 
imperfect;  for  on  the  under  side  of  the  leaves  of  Dionssa  we 
find  other  stomates  of  the  usual  figure  and  character.  It  is, 
however,  worthy  of  remark,  that  here  also  there  exists  a  great 
many  imperfect  stomates  closed  up  by  tufts  of  hairs  springing 
from  their  orifice. 

Stomates  are  not  found  in  Mosses,  Fungi,  Algae,  or  Lichens 
(see  Introduction  to  the  Natiiral  System) ;  in  no  submersed  plants, 
orsubmersed  parts  of  amphibious  plants;  it  is  also  said,  not 
in  Monotropa  hypopithys,  Neottia  nidus  avis,  and  Cuscuta 
europasa.  They  are  not  formed  in  the  cuticle  of  plants  growing 
in  darkness,  nor  upon  roots,  nor  the  ribs  of  leaves.  It  fre- 
quently happens  that  they  are  found  upon  one  surface  of  a 
leaf,  but  not  on  another,  and  generally  in  most  abundance 
on  the  under  side.  In  succulent  parts  they  are  neither  rare 
nor  wholly  wanting,  as  has  been  constantly  asserted;  but 
are,  on  the  contrary,  as  numerous  as  on  many  other  parts. 
They  may  be  generally  seen  upon  the  calyx ;  often  on  the 
corolla ;  and  rarely,  but  sometimes,  upon  the  filaments,  an- 
thers, and  styles.  In  fruit,  they  have  only  been  noticed 
upon  such  as  are  membranous,  and  never  upon  the  coat 
of  the  seed;  they  exist,  however,  upon  the  surface  of  coty- 
ledons. 

Brown  thinks  that  the  uniformity  of  the  stomates,  in  figure, 
position,  and  size,  with  respect  to  the  meshes  of  the  cuticle,  is 
often  such  as  to  indicate  the  limits,  and  sometimes  the  affini- 
ties, of  genera,  and  of  their  natural  sections.  He  has  shown, 
with  his  usual  skill,  that  this  is^  the  case  in  Proteaceae.  He 
also  remarks,  that  on  the  microscopic  character  of  the  equal 
existence  of  stomates  on  both  surfaces  of  the  leaf  depends  that 
want  of  lustre  which  is  so  remarkable  in  the  forests  of  New 
Holland.     (Journal  of  the  Royal  Geogr.  Society ^  i.  21.) 

The  same  botanist  is  of  opinion,  that  the  two  glands,  or  ra- 
ther bladders,  of  which  a  stomate  is  composed,  are  each  analo^ 
gous  to  the  single  bladders  found  occupying  the  inner  face  of 
the  meshes  of  the  cuticle.  (Plate  iii.  fig.  9.)  See  the  Memoir 
on  the  impregnation  of  Orchideaf.) 

The  following  table  of  the  proportion  of  stomates  on  the 
sur&ce  of  various  organs  will  serve  to  give*  some  idea  of  their 
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relative  abundance.  Tlie  firat  twenty-eight  cases  are  taken 
from  Thomaon'8  Treatise  on  Vegetable  Physiology  in  the 
Library  of  Useful  Knowledge.  For  the  remainder  I  am 
answerable :  — 


Andromeda  speciosa  . 
Arum  dracontium  .  . 
Atisnia  Flantago  .  • 
Amaryllis  Josephinai  . 
0)ba?a  scaiidens  .  • 
Dianthus  Caryopliylliis 
Daphne  Mezereum 
Epidendrum  .  .  .  • 
Hypericum  graiidiflorum 
Hydrangea  qiK-Tcilblia 
Gsertnera   .     .     . 

Hex 

Iris  germiinica  .  . 
Olfa  europiea  .  . 
PiEonia  .     .     . 

Pittosfwrum  Tobira 

17  Philadelphus  coronariui 

18  Pyms    .... 

19  Semper\ivum  lectorum 

20  Sjringa  vulgaris 

21  Rlieimi  palmatum    . 

22  Kiidbeckia     .     .     . 
Huniex  acetosa    .     . 
Tlieophrasta  .     .     • 
TuasiJago  farfara 
Tradescantia .     -     ■ 
Vitis  vinifera       .     . 
Viscum  albimi     .     . 
Viburnum  Tinus 
Prunus  LaurocerasuB 
Crinum  amabile 
Stapelia  (stem)   .     . 
Alslriinieria  .     . 
Mesembrj'  an  them  um 

Aloe 

Yucca 

Cactus  Bpeciosissimus  {stem) 


lure  .uiftc 

On  under 

None 

32,000 

8000 

16,320 

12,000 

6000 

31,500 

31,500 

None 

20,000 

38,500 

38,500 

None 

4000 

None 

4800 

None 

47,800 

None 

160,000 

1000 

142,750 

None 

63,600 

11,572 

11,572 

None 

57,600 

None 

13,790 

None 

160,000 

None 

20,000 

None 

24,000 

10,710 

6000 

None 

160,000 

1000 

40,000 

6000 

41,000 

11,088 

20,000 

None 

172,032 

1200 

12,500 

2000 

2000 

None 

13,600 

200 

200 

None 

90,000 

None 

90,000 

20,000 

20,000 

None 

20,000 

30,000 

40,000 

25,000 

20,000 

40,000 

40,000 

18,000 

63,000 


143,750 
23,144 


41,000 

49,000 
31,088 

13,700 

4000 


40,000 
15,000 

70,000 
45,000 
80,000 
15,000 
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The  surface  of  the  cuticle  is  either  perfectly  smooth,  or  fur- 
nished with  numerous  processes,  consisting  of  cellular  tissue  in 
different  states  of  combination,  which  may  be  arranged  under 
the  heads  of  hairsj  scales^  glands^  and  prickles.  AU  these  ori- 
ginate either  directly  from  the  cuticle,  or  from  the  cellular 
substance  beneath  it ;  never  having  any  communication  with 
the  vascular  or  ligneous  system. 

In  Nepenthes  the  cuticle  in  the  inside  of  the  pitchers  is 
pierced  by  a  great  number  of  holes,  each  of  which  is  closed 
up  by  a  firm  thick  disk  of  small  cellular  tissue,  deep  brown  in 
colour,  and  connected  with  the  cavernous  parenchyma  of  the 
pitcher.  Besides  these.  Nepenthes  has  also  stomates,  the  cu- 
rious structure  of  which  has  been  already  described. 

3.  Of  Hairs. 

These  (^.15.)  are  minute, 
transparent,  filiform,  acute 
processes,  composed  of  cel- 
lular tissue  more  or  less  elon- 
gated, and  arranged  in  a  single  row.  They  are  found  occa- 
sionally upon  every  part  of  a  plant,  even  in  the  cavities  of  the 
petiole  and  stem,  as  in  Njrmphsea  and  other  aquatic  plants. 
In  the  Cotton  Plant  (Gossypium  herbaceum,  &c.)  they  form 
the  substance  which  envelopes  the  seeds,  and  is  wrought  into 
linen ;  in  the  Cowhage  (Mucuna  urens  and  pruriens),  it  is 
they  that  produce  the  itching ;  and  in  the  Palm  tribe  they  are 
the  long,  entangled,  soft,  strangulated  filaments  that  are  used 
for  tinder.  They  vary  extremely  in  length,  density,  rigidity, 
and  other  particulars ;  on  which  account  they  have  given  the 
following  names  to  the  surface  on  which  they  grow :  — • 

Doum  or  Pubescence  (pubesy  adj.  pubescens),  when  they  form 
a  short  soft  stratum,  which  only  partially  covers  the  cuticle, 
as  in  Greranium  ihoUe. 

Hairiness  {hirsutiesj  adj.  hirsutus)j  when  they  are  rather 
longer  and  more  rigid,  as  in  Galeopsis  Tetrahit. 

Pilosityi  when  they  are  long,  soft,  and  erect,  as  in  Daucus 
Carota. 
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ViUosity  (adj.  villosus)^  when  they  are  very  long,  very  soit, 
erect,  and  straight,  as  in  Epilobium  hirsutum.  Crini  (adj. 
crinitus)  are  this  variety  in  excess. 

Velvet  {velumen,  adj.  velutimis)^  when  they  are  short,  very 
dense  and  soft,  but  rather  rigid,  and  forming  a  sur&ce  like 
velvet,  as  in  many  Lasiandras. 

Tomentum  (adj.  tomentosus),  when  they  are  entangled,  and 
close  pressed  to  the  stem,  as  in  Geranium  rotundifolium. 

CiliiB  (adj.  ciliatus),  when  long,  and  forming  a  fringe  to  a 
margin,  like  an  eyelash,  as  in  Sempervivum  tectonmu 

Bristles  (seUSy  adj.  setosus),  when  short  and  stifi^  as  on  the 
stems  of  Echium. 

Stinffs  {stimulij  adj.  stimulans;  pili  subulati  of  De  Candolle)^ 
when  stiff  and  pungent,  giving  out  an  acrid  juice  if  touched, 
as  in  the  Nettle. 

Glandular  hairs  (pili  capitaii)j  when  they  are  tipped  with 
a  glandular  exudation,  as  in  Primula  sinensis.  These  must 
not  be  confounded  with  stalked  glands. 

Hooks  {handt  tmct,  rostella)^  when  curved  back  at  the  point, 
as  in  the  nuts  of  Myosotis  Lappula» 

Barbs  (glochisy  adj.  glochidatus)^  if  forked  at  the  apex,  both 
divisions  of  the  fork  being  hooked,  as  in  the  nuts  of  the  same 
plant. 

Hairs  also  give  the  following  names  to  the  surface  of  any 

thing:  — 

Silky  (sericeus)^  when  they  are  long,  very  fine,  and  pressed 
closely  to  the  surface,  so  as  to  present  a  sublucid  silky 
appearance :  ex,  Protea  argentea. 

Arachnoidy  when  very  long,  and  loosely  entangled,  so  as 
to  resemble  cobweb :  ex.  Calceolaria  arachnoidea. 

Mandate^  when  interwoven  into  a  mass  that  can  be  easily 
separated  from  the  surface :  ex,  Cacalia  canescens,  Bupleurum 
giganteum. 

Bearded  (barbatus)^  when  the  hairs  are  long,  cuid  placed 
in  tufts :  ex,  the  lip  of  Chelone  barbata. 

Rough  (asper)j  when  the  surface  is  clothed  with  hairs, 
the  lower  joint  of  which  resembles  a  little  bulb,  and  the  upper 
a  short  rigid  bristle :  ex,  Borago  officinalis. 

Stellate^  or  starry^  when  the  hairs  grow  in  tufts  from  the 
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surfece,  and  diverge  a  little  from  their  centre,  as  in  the  Mal- 
low tribe.  It  is  hairs  of  this  description  that  close  up  the 
abortive  stomates  upon  the  under  side  of  the  leaves  of  Dionaea 
muscipula. 

Hairs  are  either  formed  of  a  single  cell  of  cellular  tissue 
(Plate  I.  fig.  8.  J),  or  of  several  placed  end  to  end  in  a  single 
series  (Plate  I.  fig.  a,  b.),  whence,  if  viewed  externally,  they 
have  the  appearance  of  being  divided  internally  by  transverse 
partitions.  They  are  sometimes  branched  into  two  or  three 
forks  at  the  extremity,  as  in  Alyssum,  some  species  of  Apar-> 
gia,  &c.  Occasionally  they  emit  little  branches  along  dieir 
whole  length :  when  such  branches  are  very  short,  the  hairs 
are  said  to  be  toothed  or  toothkttedj  as  in  the  firuit  of  Torilis 
Anthriscus;  when  they  are  something  longer,  the  hairs  are 
called  brancfiedj  as  in  the  petioles  of  the  gooseberry ;  if  longer 
and  finer  still,  the  term  is  pinnate^  as  in  Hieracium  Pilosella^ 
if  the  branches  are  themselves  pinnate,  as  in  Hieracium  undu- 
latum,  the  hairs  are  then  said  to  be  plumose.  It  sometimes 
happens  that  little  branchlets  are  produced  on  one  side  only 
of  a  hair,  as  on  the  leaves  of  Siegesbeckia  orientalis,  in  which 
case  the  hair  is  called  one-sided  {secun^atus) ;  very  rarely  they 
appear  upon  the  articulations  of  the  hair,  which  in  that  case  is 
call^  ffonglianeous,  (Plate  L  fig.  9.  Verbascum  Lychnitis) : 
the  pails  en  gaupiUon  of  De  Candolle  are  referable  to.  this  form. 
Besides  these,  there  are  many  other  modifications :  hairs  are 
conical,  cylindrical,  or  moniliform,  thickened  slightly  at  the 
articulations  {torvhse)^  €is  in  Lamium  album,  or  much  en- 
larged at  the  same  point  {jtodtdose)^  as  in  the  calyx  of  Achy- 
ranthes  lappacea. 

Hairs  are  sometimes  said  to  be  Jixed  by  their  middle 
(Plate  I.  fig.  10.  c);  a  remarkable  structure,  common  to  many 
different  genera;  as  Capsella,  Malpighia,  Indigofera,  &c. 
This  expression,  however,  like  many  others  commonly  used 
in  botany,  conveys  a  false  idea  of  the  real  structure  of  such 
hairs.  They  are  in  reality  formed  by  an  elevation  of  one 
bladder  of  the  cuticle  above  the  level  of  the  rest,  and  by  the 
developement  of  a  simple  hair  fi*om  its  two  opposite  sides. 
Such  would  be  more  correctly  named  divaricating  hairs. 


48  ORGANOGRAPHY.  BOOK  I. 

When  the  central  bladder  has  an  unusual  size,  as  in  Mal- 
pigliia,  these  hairs  are  called  poils  en  navette  (pili  Malpighiacei) 
by  De  CandoUe,  and  when  the  central  bladder  is  not  very 
apparent,  poils  en  fausse  rmvette  {pili  psevdo^Malpighiaceiy 
biacumiruUi)^  as  in  Indigofera,  Astragalus  asper,  &c.  In 
many  plants  the  hairs  grow  in  clusters,  as  in  Malvaceae,  and 
are  occasionally  united  at  their  base :  such  are  called  stellate^ 
and  are  frequently  peculiar  to  certain  natural  orders.  (Plate  I. 
fig.  10.  a.) 

All  these  varieties  belong  to  one  or  other  of  the  two  princi- 
pal kinds  of  hairs ;  viz.  the  Lymphatic  and  the  Secreting.  Of 
these,  lymphatic  hairs  consist  of  tissue  tapering  gradually  from 
the  base  to  the  apex;  and  secreting^  of  cellules  visibly  dbtended 
either  at  the  apex  or  base  into  receptacles  of  fluid.  Mal- 
pighiaceous  and  glandular  hairs,  stings,  and  those  which  cause 
asperity  on  the  surfiu^  of  any  thing,  belong  to  the  latter; 
almost  all  the  other  varieties  to  the  former. 

When  hairs  arise  from  one  surface  only  of  any  of  the 
appendages  of  the  axis,  it  is  almost  always  from  the  under 
surface ;  but  the  seed  leaves  of  the  nettle,  and  the  common 
leaves  of  Passerina  hirsuta,  are  mentioned  by  De  Candolle  as 
exceptions  to  this  rule :  certain  states  of  Rosa  canina  might 
also  be  mentioned  as  exhibiting  a  similar  phenomenon.  When 
a  portion  only  of  the  surface  of  any  thing  is  covered  by  hairs, 
that  portion  is  uniformly  the  ribs  or  veins.  According  to 
De  Candolle,  hairs  are  not  found  either  upon  true  roots,  ex- 
cept at  the  moment  of  germination,  nor  upon  any  part  of  the 
stem  that  is  formed  under  ground,  nor  upon  any  parts  that 
grow  under  water. 

4.  Of  Scurfiness. 

ScuRFiNESS  consbts  of  thin  flat  membranous  processes, 
formed  of  cellular  tissue  springing  from  the  cuticle.  They 
may  be  considered  as  hairs  of  a  higher  order, — as  organs  of 
the  same  nature,  but  more  developed ;  for  they  difier  from 
hairs  only  in  their  degree  of  composition.  They  are  of  two 
kinds.  Scurfy  properly  so  called,  and  Ramenta. 

Scurfe,  properly  so  called,  are  the  small,  roundish,  flattened, 
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particles  which  give  a  leprous  appearance  to  the  surface  of 
certain  plants,  as  the  Elaeagnus  and  the  Pine  Apple.  (Plate  I. 
fig.  10.  b.)  They  consist  of  a  thin  transparent  membrane, 
attached  by  its  middle,  and,  owing  to  the  imperfect  union, 
towards  its  circumference,  of  the  cellular  tissue  of  which  it  is 
composed,  having  a  lacerated  irregular  margin.  A  scale  of 
this  nature  is  called  in  Latin  composition  lepis,  and  a  surface 
covered  by  such  scales  lepidotus — not  squamoms,  which  is 
only  applied  to  a  surface  covered  widi  the  rudiments  of  leaves. 
Scurfs  are  the  poib  en  ecussan  (pili  scutati)  of  De  Candolle. 

BamentcL  (VagineOa)  are  thin,  brown,  foliaceous  scales^ 
appearing  sometimes  in  great  abundance  upon  young  shoots. 
They  are  particularly  numerous,  and  highly  developed,  upon 
the  petioles  and  the  backs  of  the  leaves  of  Ferns.  They  con- 
sist of  cellular  tissue  alone,  without  any  vascular  cords,  and 
are  known  from  leaves  not  only  by  their  anatomical  structure^ 
but  also  by  their  irregular  position,  and  by  the  absence  of  buds 
from  their  axils.  The  student  must  particularly  remark  this, 
or  he  will  confound  with  them  leaves  having  a  ramentaceous 
s^pearance,  such  as  are  produced  upon  the  young  shoots  of 
Pinus.  Link  remarks,  that  they  are  very  similar  in  structure 
to  the  leaves  of  mosses.  The  term  striga  has  occasionally  been 
applied  to  them  (Dec.  Theor.  Elem.  ed.  2.  376.  Link,  EUm. 
240.) ;  but  that  word  was  employed  by  Linnaeus  to  designate 
any  stiif  bristle-like  process,  as  the  spines  of  the  Cactus,  the 
divaricating  hairs  of  Malpighia,  and  the  stiff  stellated  hairs  of 
Hibiscus.  So  vague  an  application  of  the  term  is  very  properly 
avoided  at  the  present  day,  and  the  substantive  is  rejected 
from  modem  glossology ;  the  adjective  term  strigose  is,  how- 
ever, occasionally  still  employed  to  express  a  surface  covered 
with  stiff  hairs, 

6.  Of  Glands. 

Glands  are  small  collections  of  firm  cellular  tissue,  which 
IS  oflen  much  harder  and  more  coloured  than  that  which  sur- 
rounds it.     They  are  of  several  kinds. 

Stalked  glands  are  elevated  on  a  stalk  which  is  either  simple 
or  branched :  they  secrete  some  peculiar  matter  at  their  ex« 
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tremities,  and  are  often  confounded  with  the  glandular  hairs 
.above  described,  from  which  they  have  been  weU  distinguished 
by  Link.  According  to  that  botanist,  they  are  either  simple 
or  compound;  the  former  consisting  of  a  single  cell,  and 
placed  upon  a  hair  acting  as  a  simple  conduit,  occasionally  in- 
terrupted by  divisions ;  the  latter  consisting  of  several  cells, 
^and  seated  upon  a  stalk  containing  several  conduits,  formed 
by  rows  of  cellular  tissue.  They  are  common  upon  the  rose 
,and  the  bramble,  in  which  they  become  very  rigid,  and  as- 
sume the  nature  of  aculei.  For  the  sake  of  distinguishing 
them  from  the  latter,  diey  have  been  called  setcB  by  Woods 
and  myself,  but  improperly ;  they  are  also  the  aiguiUons  of  the 
French.  In  Hypericum  they  abound  on  the  calyx  and  corolla 
.of  some  species,  but  do  not  give  out  any  exudation ;  they  con- 
tain, however,  a  deep  red  juice  within  their  cells.  In  some 
Jatrophas  they  are  much  branched ;  in  many  Diosmeae  they 
form  a  curious  humid  appendage  at  the  apex  of  the  stamens. 

Sessile  glands,  verrucce,  or  warts,  are  produced  upon  various 
parts,  and  are  extremely  variable  in  figure.  In  Cassias,  they 
are  seated  upon  the  upper  edge  of  the  petiole,  and  are  usually 
cylindrical  or  conical ;  in  Cruciferous  plants  they  are  little 
roundish  shining  bodies,  arising  from  just  below  the  base  of 
the  ovary ;  in  the  leafless  Acacias  they  are  depressed,  with  a 
thickened  rim,  and  placed  on  the  upper  edge  of  the  phyllo- 
dium ;  they  are  little  kidney-shaped  bodies  upon  the  petiole 
of  the  Peach  and  other  drupaceous  plants ;  and  they  assume 
many  more  appearances.  They  are  common  upon  the  petiole, 
as  in  Passiflora ;  they  are  also  found  upon  the  calyx,  as  in  some 
species  of  Campanula,  and  at  the  serratures  of  the  leaves, 
when  they  are  considered  by  Roper  (De  Floribus  Balsaminea* 
rum,  p.  15.)  to  be  abortive  ovules ;  and  they  appear  upon  the 
pericarp  and  the  skin  of  the  seed ;  in  the  latter  case  they  are 
called  spongioUB  seminales  by  De  Candolle.  They  are  remark- 
able in  Dionsea  muscipula  for  growing  from  the  mouth  of  the 
stomates ;  and  in  Nepenthes  for  closing  up  the  same  organs  by 
forming  underneath  them.  (See  page  42.)  In  the  latter 
plant  they  are  found,  moreover,  in  the  form  of  hard  brown 
concretions,  lying  beneath  the  cuticle,  at  |he  bottom  of  the 
pitchers.     In  figure  they  are  round,  oblong,  or  reniform^  and 
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occasionally  cupulate,  when  tliey  receive  the  name  of  glandes 
d  godet  (glanduleB  urceolares)  from  some  French  writers. 
Warts  are  the  glandes  cellvlaires  of  Mirbel ;  but  they  must  not 
be  confounded  with  the  glandes  vascidairei  of  the  same  writer, 
which  are  not  mere  excrescences  of  the  epidermis,  but  modifi- 
cations of  well  known  organs.  (See  DiscitSy  further  on.)  The 
presence  of  minute  warts  upon  the  surface  of  a  leaf  gives  rise 
to  a  peculiar  kind  of  roughness  which  is  called  scabrities,  and 
such  a  surface  is  then  said  to  be  scabrous  (scaber) :  this  must 
not  be  confounded  with  asperity.' 

PapilhB  (OlandtdcB  utriculaires  of  Gnettard)  are  minute 
transparent  elevated  points  of  the  cuticle,  filled  with  fluid,  and 
covering  closely  the  whole  surface  upon  which  they  appear. 
In  other  words,  they  are  elevated,  distended  bladders  of  the 
cuticle.  The  presence  of  papillae  upon  the  leaves  of  the  ice 
plant  gives  rise  to  the  peculiar  crystalline  nature  of  its  surfiu^e ; 
they  also  cause  the  satiny  appearance  of  the  petals,  upon 
which  they  almost  always  exist  in  great  quantities.  Link  re^ 
marks,  that  the  petals  of  Plantago,  which  are  destitute  of  pa- 
pillae, are  also  without  the  usual  satiny  lustre  of  those  organs. 
When  the  papillae  are  much  elongated  beyond  the  surface,  as 
in  many  stigmas,  of  which  they  form  the  collecting  fi-inges, 
they  receive  sometimes  the  name  ofpapuke.  It  should  be  ob- 
served, that  in  De  Candolle's  Thearie  EUmentaire^  these  two 
terms  are  transposed,  each  having  received  the  definition  be- 
longing to  the  other. 

Lenticular  glands  {Lenticelles  of  De  Candolle ;  Glandes 
lenticulaires  of  Guettard ;)  are  brown  oval  spots  found  upon 
the  bark  of  many  plants,  especially  willows :  they  indicate  the 
points  from  which  roots  will  appear  if  the  branch  be  placed 
ki  circumstances  favourable  to  their  production.  They  are 
considered  by  De  Candolle  to  bear  the  same  relation  to  the 
roots  that  buds  bear  to  young  branches.  (Premier  Mim,  sur 
les  Lentic,  in  the  Ann,  des  Sciences  NatureOes.)  It  is,  how- 
ever, extremely  doubtfid  whether  they  are  anything  more 
than  portions  of  the  bark,  either  disturbed  by  the  growth  of 
incipient  roots,   or   disorganised  by  some  other   unknown 

power. 
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6.  Of  Prickles. 

Prickles  (aculei)  are  rigid,  opaque,  conical  processes, 
formed  of  masses  of  cellular  tissue,  and  terminating  in  an 
pcute  point.  They  may  be,  not  improperly,  considered  as 
very  compotmd  hardened  hairs.  They  have  no  connection 
with  the  woody  tissue,  by  which  character  they  are  obviously 
distinguished  from  spines^  of  which  mention  will  be  made  un- 
der the  head  of  branches.  Prickles  are  found  upon  all  parts 
of  a  plant,  except  the  stipules  and  stamens.  They  are  very 
rarely  found  upon  the  corolla,  as  in  Solanum  Hystrix ;  their 
most  usual  place  is  upon  the  stem,  as  in  Rosa,  Rubus,  &c. 


Sect.  II.     Of  the  Stem  or  Ascending  Axis. 

When  a  plant  first  begins  to  grow  from  the  seed,  it  is  a 
little  body  called  an  embryo,  with  two  opposite  extremities^ 
of  which  the  one  lengthens  in  the  direction  of  the  earth's 
centre,  and  the  other,  taking  a  direction  exactly  the  contrary, 
extends  upwards  into  the  air.  This  disposition  to  develope  in 
two  diametrically  opposite  directions  is  found  in  all  seeds, 
properly  so  called,  there  being  no  known  exception  to  it ;  and 
the  tendency  is  moreover  so  powerftil,  that,  as  we  shall  here- 
after see  (Book  11. ),  no  external  influence  is  sufficient  to  over- 
come it.  Tlie  result  of  this  developement  is  the  axis,  or 
centre,  round  which  the  leaves  and  other  appendages  are  ar- 
ranged. That  part  of  the  axis  which  forces  its  way  down- 
wards, constantly  avoiding  light,  and  withdrawing  from  the 
influence  of  the  air,  is  the  descending  axis,  or  the  root ;  and 
that  which  seeks  the  light,  always  striving  to  expose  itself  to 
the  air,  and  expanding  itself  to  the  utmost  extent  of  its  nature 
to  the  solar  rays,  is  the  ascending  axis,  or  the  stem.  As  the 
double  elongation  just  mentioned  exists  in  all  plants,  it  follows 
that  all  plants  must  necessarily  have,  at  an  early  period  of 
their  existence  at  least,  both  stem  and  root ;  and  that,  con- 
sequently, when  plants  are  said  to  be  rootless,  or  stemless, 
such  expressions  are  not  to  be  considered  physiologically 
correct. 
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The  Stem  has  received  many  names;  such  as  caudex 
ascendensj  caudex  intermedius^  culmusy  stipes^  truncus^  and  truncus 
cucendens.  It  always  consists  of  bundles  of  vascular  and  woody 
tissue,  embedded  in  cellular  substance  in  various  ways,  and 
the  whole  enclosed  within  a  cuticle.  Tlie  manner  in  which 
these  parts  are  arranged  with  respect  to  each  other  will  be  ex- 
plained hereafter.  The  more  immediate  subject  of  consideration 
must  be  the  parts  that  are  common  to  all  stems. 


1.  Of  its  Parts. 

Where  the  stem  and  root,  or  the  ascending  and  descending 
axes  diverge,  there  commences  in  many  plants  a  difference 
of  anatomical  structure,  and  in  all  a  very  essential  physiolo- 
gical dissimilarity ;  as  will  be  hereafter  seen.  This  portion  of 
the  axi^  is  called  the  neck  or  coUum,  (coarcture  of  Grew,  nceud 
vital  oi  Lamarck,  limes  communis^  or  fundus  planUe^  of  Jungius,) 
and  has  been  thought  by  some  to  be  the  seat  of  vegetable 
vitality ;  an  erroneous  idea,  of  which  more  will  be  said  in  the 
next  book.  At  first  it  is  a  space  that  we  have  no  difficulty  in 
distinguishing,  so  long  as  the  embryo,  or  young  plant,  has 
not  undergone  any  considerable  change;  but  in  process  of 
time  it  is  externally  obliterated ;  so  that  in  trees  of  a  few  years' 
growth  its  existence  becomes  a  matter  of  theory,  instead  of 
being  actually  evident  to  our  senses. 

Immediately  consequent  upon  the  growth  of  a  plant  is  the 
formation  of  leaves.  The  point  of  the  stem  from  whence  these 
arise  is  called  the  node  (ffeniculum,  Jungius),  and  the  space 
between  two  nodes  is  called  an  intemode  {merithaUus,  Du  Petit 
Thouars).  In  intemodes  the  arrangement  of  the  vascular  and 
woody  tissue,  of  whatever  nature  it  may  be,  of  which  they  are 
composed,  is  nearly  parallel,  or,  at  least,  experiences  no  hori- 
zontal interruption.  At  the  nodes,  on  the  contrary,  vessels 
are  sent  off  horizontally  into  the  leaf;  the  general  develope- 
ment  of  the  axis  is  momentarily  arrested  while  this  horizontal 
communication  is  effecting,  and  all  the  tissue  is  more  or  less 
contracted.  In  many  plants  this  contraction,  although  it 
always  exists,  is  scarcely  appreciable ;  but  in  others  it  takea 

e3 


54  ORGANOGRAPHY.  BOOK  I. 

place  in  $o  remarkable  a  degree  as  to  give  their  stems  a  pecu- 
liar character ;  as,  for  instance,  in  the  Bamboo,  in  which  it 
causes  diaphragms  that  continue  to  grow  and  harden,  notwith- 
standing the  powerfully  rapid  horizontal  distension  to  which 
the  stems  of  that  plant  are  subject  In  all  cases,  without 
exception,  a  leaf-bud  or  buds  is  formed  at  a  node  immediately 
above  the  base  of  the  leaf;  generally  such  a  bud  is  either 
sufficiently  apparent  to  be  readily  recognised  by  the  naked 
eye,  or,  at  least,  it  becomes  apparent  at  some  time  or  other : 
but  in  certain  plants,  as  Heaths,  the  buds  are  often  never 
discoverable ;  nevertheless,  they  always  exist,  in  however  ru- 
dimentary a  state,  as  is  proved  by  their  occasional  develope- 
ment  under  favourable  or  uncommon  circumstances.  By  some 
writers  nodes,  upon  which  buds  are  obviously  formed,  are 
called  compound^  or  artiphyllous ;  and  those  in  which  no  ap- 
parent buds  are  discoverable,  are  named  simple^  or  pleiophyllous: 
they  are  also  said  to  be  dividedy  when  they  do  not  surround  the 
stem,  as  in  the  apple  and  other  alternate-leaved  genera ;  or 
entire^  when  they  do  surround  it,  as  in  grasses  and  umbelliferous 
plants :  they  are  further  said  to  be  pervious^  when  the  pith 
passes  through  them  without  interruption;  or  closed^  when  the 
canal  of  the  pith  is  interrupted,  as  if  by  a  partition.  Per- 
vious and  divided,  and  closed  and  entire  nodes,  usually  ac- 
company each  other.  For  other  remarks  upon  this  subject, 
see  Link's  Ekmenta. 

All  the  divisions  of  a  stem  are  in  general  terms  called 
branches  (rami);  but  it  is  occasionally  found  convenient  to 
designate  particular  kinds  of  branches  by  special  names. 
Thus,  the  twigs,  or  youngest  shoots,  are  called  ramu/t,  or 
branchlets  (brindiUes  or  ramiUes^  Fr.),  and  by  the  older  bo- 
tanists fiagtlla  ;  the  assemblage  of  branches  which  forms  the 
head  of  a  forest  tree  is  called  the  coma  :  cyma  is  sometimes 
used  to  express  the  same  thing,  but  improperly.  Shoots 
which  have  not  completed  their  growth  have  received  the 
name  of  innavatiansj  a  term  usually  applied  in  mosses.  When 
such  a  shoot  is  covered  with  scales  upon  its  first  appearance, 
as  the  Asparagus,  it  is  called  turio :  by  the  old  botanists  all 
such  shoots  were  named  agparagi.  When  a  shoot  is  long  and 
flexiblci  it  receives  the  name  of  mmeru     This  word,  however, 
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is  seldom  used ;  its  adjective  being  employed  instead :  thus, 
we  say,  rami  viminei,  or  caulis  vimineus ;  and  not  vimen* 
From  this  kind  of  branch,  that  called  a  virgate  stem,  cavlis 
virgatus^  differs  only  in  being  less  flexible  and  more  rigid.  A 
young  slender  branch  of  a  tree  or  shrub  is  sometimes  named 
virgultum.  When  the  branches  diverge  nearly  at  right  angles 
from  the  stem,  they  are  said  to  be  brachiate.  Small  stems, 
which  proceed  from  buds  formed  at  the  neck  of  a  plant 
without  the  previous  production  of  a  leaf,  are  caUed  catdicuK, 

Besides  these  terms,  Du  Petit  Thouars  employed  certain 
French  words  in  a  way  peculiar  to  himself.  The  first  young 
shoot  produced  during  the  year  by  a  tree,  he  named  scion  g 
any  subsequent  shoots  formed  by  the  scion,  he  termed  ramilks^ 
the  shoot  that  supports  the  scion  was  a  rameau  ;  that  which 
supports  the  rameau  a  branche  ;  and  the  trunk  which  bears  th^ 
whole  the  troTW,  Link  calls  a  stem  which  proceeds  straight 
from  the  earth  to  the  summit,  bearing  its  branches  on  its  sides^ 
as  Pinus,  a. caulis  excurrensy  and  a  stem  which  at  a  certain 
distance  above  the  earth  breaks  out  into  irregular  ramifica- 
tions, ar  caulis  deliquescens. 

From  the  constitution  and  ramifications  of  their  branches, 
plants   are   divided   into   trees,  shrubs,  and   herbs.     If  the 
branches  are  perennial,  and  supported  upon  a  trunk,  a  tree 
(arbor)  is  said  to  be  formed ;  for  a  small  tree,  the  term  arbus- 
cuius  is  sometimes  employed.     Wlien  the  branches  are  peren- 
nial, proceeding  directly  from  the  surface  of  the  earth  without 
any  supporting  trunk,  we  have  a  shrub  (Jrutex  or  arbustum^ 
Lat ;  and  arbrisseau,  Fr.),  which  occasionally,  when  very  small, 
receives  the  diminutive  name  of  Jruticulus.     If  a  shrub  is  low, 
and  very  much  branched,  it  is  often  called  dumosus  (subst. 
dumus) :  this  kind  of  shrub  is  what  the  French  understand  by 
their  word  buissoTU     The  suffrutex^  under-^hrubj  or  sous^rbris* 
9eaxL,  differs  from  the  shrub,  in  perishing  annuaUy,  either 
wholly  or  in  part ;  and   from  the  herb,  in  having  branches 
of  a  woody  texture,  which  frequently  exist  more  than  one 
year:  such  is  the  Mignonette  (Reseda odorota)   in  its  native 
country,  or  in  die  state  in  which  it  is  known  in  gardens  as  the 
Tree  Mignonette.      The  under-shrub  is  exactly  intermediate 
between  the  shrub  and  the  herb.     All  plants  producing  shoots 
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fif  BiiQual  daraUon  fixtm  the  aur&ce  of  the  earth  are  called 
herbs. 

Some  botanists  distinguish  two  sorts  of  stejns,  the  characters 
of  which  are  derived  from  their  mode  of  growth.  When  a 
stem  is  never  teiminated  by  a  flower-bud,  nor  has  its  growth 
stopped  by  any  other  organic  cause,  as  in  Veronica  arvensis, 
and  all  perennial  and  arborescent  plants,  it  is  said  to  be  tn- 
determinate ;  hut  when  a  stem  has  its  growth  uniformly 
stopped  at  a  particular  period  of  its  existence  by  the  production 
of  a  terminal  bud,  or  by  some  such  cause,  it  called  determi- 
mUe.  The  capitate  and  verticillate  species  of  Mint  owe  their 
diferences  to  causes  of  this  nature ;  the  stem  of  the  former 
bong  determinate,  the  latter  indeterminate. 

The  point  whence  two  branches  diverge  is  called  the  axilf 
or,  in  old  botanical  language,  the  ala. 

L^-budt  (Gemma,  Linn.;  Bourgeon,  Fr.)i  being  the  rudi- 
menta  of  young  branches,  are  of  great  importance  in  r^ard 
to  the  geueral  structure  of  a  planL     They  consist  of  scales 


imbricated  over  each  other,  the  outermost  being  the  hardest 
and  thickest,  and  surrounding  a  minute  cellular  axis,  or  grow- 
iag  paint,  which  is  in  du%ct  communication  with  the  woody 
and  cellular  tissue  of  the  stem.  In  other  words,  they  may  be 
stud  to  be  growing  points  covered  with  rudimentary  leaves  for 
their  protection,  and  to  consist  of  a  highly  excitable  mass  of 
cellular  substance  originating  in  the  pith,  and  having  a  special 
power  of  eztensbo  in  length.    Under  ordinary  circumstances, 
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the  growing  point  clothes  itself  with  leaves  as  it  advances,  and 
then  it  becomes  a  branch ;  but  sometimes  it  simply  hardens  as 
it  grows,  and  forms  a  sharp  conical  projection  called  a  spine^ 
as  in  the  Gleditschia,  the  Sloe,  &c. 

The  spine  must  not  be  confounded  with  the  prickle  or 
aculeus  already  described,  from  which  it  differs  in  having  a 
considerable  quantity  of  woody  tissue  in  its  structure,  and  in 
being  as  much  in  communication  with  the  central  pcuts  of  a 
stem  as  branches  themselves ;  while  prickles  are  merely  su- 
perficial concretions  of  hardened  cellular  tissue.  Spines 
occasionally,  as  in  the  Whitethorn,  bear  leaves;  in  domesti- 
cated plants  they  often  entirely  disappear,  as  in  the  Apple  and 
Pear,  the  wild  varieties  of  which  are  spiny,  and  the  cultivated 
ones  spineless. 

We  ought  to  consider  the  spadix  of  the  Arum,  and  several 
forms  of  disk  hereafter  to  be  described,  as  modifications  of  the 
growing  point  of  the  bud,  and  consequently  as  analogous  to 
spines. 

'  Linnaeus  called  the  bud  Hybemacvlum^  because  it  serves  for 
the  winter  protection  of  the  young  and  tender  parts ;  and  dis- 
tinguished it  into  the  Gemma,  or  leaf-bud  of  the  stem,  and  the 
Sulbj  or  leaf-bud  of  the  root. 

The  leaf-bud  has  been  compared  by  Du  Petit  Thouars  and 
some  other  botanists  to  the  embryo,  and  has  even  been  deno- 
minated dijixed  embryo.  This  comparison  must  not,  however, 
be  understood  to  indicate  any  positive  identity  between  these 
two  parts  in  structure,  but  merely  an  analogous  ftincdon,  both 
being  formed  for  the  purpose  of  reproduction ;  but  in  origin 
and  structure  they  are  entirely  different.  The  leaf-bud  con- 
sists of  both  vascular  and  cellular  tissue,  the  embryo  of  cellu- 
lar tissue  only :  the  leaf-bud  is  produced  without  fertilization, 
to  the  embryo  this  is  essential :  finally,  the  leaf-bud  perpetu- 
ates the  individual,  the  embryo  continues  the  species. 

The  usual,  or  normal,  situation  of  lea£-buds  is  in  the  axil  of 
leaves ;  and  all  departure  from  this  position  is  either  irregular 
or  accidental.  Botanists  give  them  the  name  of  regular  when 
they  are  placed  in  their  normal  station,  and  they  call  all 
others  latent  or  adventitious.  The  latter  have  been  found  in 
almost  every  part  of  plants ;   the  roots,  the  intemodes,  the 
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petiole,  tlie  leaf  itself  have  all  been  remarked  producing 
them.  On  the  leaf  they  usually  proceed  from  the  margin,  a» 
in  Malaxis  paludosa,  where  they  form  minute  granulations, 
first  determined  to  be  buds  by  Henslow,  or  as  in  BryophyL- 
lum  ealycinum  and  Tellima  grandi£ora;  but  they  have  been 
seen  by  Turpin  proceeding  from  the  sui^e  of  the  leaf  of 
pmitbogalum.     (Fig.  18.) 


We  are  wholly  unacquainted  with  the  cause  of  the  forma- 
tion of  leaf-buds;  all  we  know  is,  that  they  proceed  exclu,- 
sively  from  cellular  tissue ;  and  if  produced  on  the  stem,  from 
the  mouths  of  medullary  rays.  It  would  seem  as  if  certain 
unknol^  forces  were  occasionally  so  exerted  upon  a  bladder 
Bs  to  stimulate  it  into  a  preternatural  degree  of  activity,  the 
result  of  which  is  the  production  of  vessels,  and  theformation  of 
a  nucleus  having  the  power  of  lengthening.  There  is,  indeed, 
an  opinion,  which  I  believe  is  that  of  Mr.  Knight,  tliat  the 
sap  itself  can  at  any  time  generate  buds  without  any  previously 
formed  rudiment ;  and  that  they  depend,  not  upon  a  specific 
alteration  of  the  arrangement  of  the  vascular  system,  called 
into  action  by  particular  circumstances,  but  upon  a  state  of  the 
sap  &vourable  to  their  creation.  In  proof  of  this  it  has  been 
said,  that  if  a  bud  of  the  Pnmus  Pseudo-cerasus,  or  Chinese 
Cherry,  be  inserted  upon  a  cherry  stock,  it  will  grow  freely, 
and  after  a  time  will  emit  small  roots  from  just  above  its 
union  with  the  stock ;  at  the  time  when  these  little  roots  are 
formed)  let  the  shoot  be  cut  back  to  within  a  short  di»- 
tance  of  the  stock,  and  the  little  roots  will  then,  in  conse- 
quence of  the  great  impulsion  of  sap  into  them,  become 
branches  emitting  leaves. 
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The  leaf-buds  of  the  deciduous  trees  of  cold  climates  are 
covered  by  scales,  which  are  also  called  tegmenta  ;  these  afford 
protection  against  cold  and  external  accidents,  and  vary  much 
in  texture,  thickness,  and  other  characters.  Thus,  in  the 
Beechj  the  scales  are  thin,  smooth,  and  dry ;  in  many  Willows 
they  are  covered  with  a  thick  down ;  in  Poptdus  balsamifera 
they  exude  a  tenacious  viscid  juice.  In  herbaceous  plants 
and  trees  of  climates  in  which  vegetation  is  not  exposed  to 
severe  cold,  the  leaf-buds  have  no  scales ;  which  is  also,  but 
very  rarely,  the  case  in  some  northern  shrubs,  as  Rhamnus 
Frangula. 

The  scales  of  the  bud,  however  dissimilar  they  may  be  to 
leaves  in  their  ordinary  appearance,  are  nevertheless,  in 
reality,  leaves  in  an  imperfectly  formed  state.  They  are  the 
last  leaves  of  the  season,  developed  at  a  period  when  the  cur- 
rent of  vegetation  is  stopping,  and  when  the  vital  powers  have 
become  almost  torpid.  That  such  is  really  their  nature  is 
apparent  from  tlie  gradual  transition  from  scales  to  perfect 
leaves  that  occurs  in  such  plants  as  Viburnum  prunifolium. 
Magnolia  aciuninata,  Liriodendron  tulipifera,  and  iEsculus 
Pavia ;  in  the  latter  the  transition  is,  perhaps,  most  satisfac- 
torily manifested^  In  this  plant  the  scales  on  the  outside  are 
short,  hard,  dry>  and  brown;  those  next  them  are  longer, 
greenish,  and  delicate ;  within  these  they  become  dilated^  are 
slightly  coloured  pink,  and  occasionally  bear  a  few  imperfect 
leaflets  at  their  apex;  next  to  them  are  developed  leaves  of 
the  ordinary  character,  except  that  their  petiole  is  dilated  and 
membranous  like  the  inner  scales  of  the  bud ;  and,  finally, 
perfectly  formed  leaves  complete  the  series  of  transitions. 

Among  the  varieties  of  root  is  sometimes  classed  what 
botanists  call  a  btdb  ;  a  scaly  body,  formed  at  or  beneath  the 
surface  of  the  ground,  emitting  roots  from  its  base,  and  pro- 
ducing a  stem  from  its  centre.  Linnaeus  considered  it  the 
leaf-bud  of  a  root ;  but  in  this  he  was  partly  mistaken,  roots 
being  essentially  characterised  by  the  absence  of  buds.  He 
was,  however,  perfectly  correct  in  identifying  it  with  a  leaf- 
bud.  A  bulb  has  the  power  of  propagating  itself  by  deve- 
loping in  the  axils  of  its  scales  new  bulbs,  or  what  gardeners 
call  clovesj  (Cat/ettj  French;   Nucleus  and  Adnascens  of  the 
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older  botanists;  Adnaium  of  Richard;)  which  grow  at  the  ex- 
pense of  their  parent  bulb,  and  eventually  destroy  it.  Every 
true  bulb  is,  therefore,  necessarily  formed  of  imbricated  scales, 
and  a  solid  bulb  has  no  existence.  The  Auffit  toUdi,  as 
they  have  been  called,  of  the  Crocus,  the  Colchicum,  and 
others,  are,  as  we  shall  hereafter  see  (see  Cormut),  a  bind  of 
subterranean  stem ;  they  are  distinct  from  the  bulb  in  being, 
not  an  imbricated  scaly  bud,  but  a  solid  fleshy  stem,  itself 
emitting  buds.  It  has  been  supposed  that  th^  were  buds, 
the  scales  of  which  had  become  consolidated ;  but  this  hypo- 
thesis leads  to  this  very  inadmissible  conclusion, — that  as  the 
cormus  or  solid  bulb  of  a  Crocus  is  essentially  the  same,  ex- 
cept in  size  and  situation,  as  the  stem  of  a  Palm,  the  stem  of 
a  Palm  must  be  a  solid  bulb  also,  which  is  absurd.  In  truth, 
the  bulb  is  analogous  to  the  bud  that  is  seated  upon  the  cor- 
mus, and  not  to  the  cormus  itself;  a  bulb  being  an  enlarged 
subterranean  bud  without  a  stem,  the  cormus  a  subterranean 
stem  with  buds  on  its  sur&ce. 


Of  the  bulb,  properly  so  called,  there  are  two  kinds. 

L  The  ft(ntcate(f&uS  (fig.  20.),  ofwhich  the  outer  scales  are 
thin  and  membranous,  and  cohere  in  the  form  of  a  distinct 
covering,  as  in  the  onion;  and,  2.  the  jutAed  buB>  (Bu&ut 
tguamonu)  (fig.  21.  22.),  in  which  the  outer  scales  are  not 
membranous  and  united,  but  distinct  and  fleshy  like  the  inner 
scales,  as  in  LUium.  The  outer  covering  of  a  bulb  of  the 
.first  kind  is  called  the  tmie. 
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Besides  the  bulbs  properly  so  called,  there  are  certain 
leaf-buds,  developed  upon  stems  in  the  air,  and  separating 
spontaneously  from  the  part  that  bears  them,  which  are  alto- 
gether of  the  nature  of  bulbs.  Such  are  found  in  Lilium 
tigrinum,  some  Alliums,  &c.  They  have  been  called  bulbilliy 
propaginesy  sautilks,  baciUi^  &c.  Care  must  be  taken  not  to 
follow  some  botanists,  in  confounding  with  them  the  seeds  of 
certain  Amaryllidese,  which  have  a  fleshy  coat;  but  which, 
with  a  vague  external  resemblance  to  bulbs,  have  in  every  re- 
spect the  structure  of  genuine  seeds. 

The  tegmenta^  or  scales  of  the  bud,  have  received  the  fol- 
lowing names,  according  to  the  part  of  the  leaf  of  which  they 
appear  to  be  a  transformation ;  such  terms  are,  however,  but 
seldom  employed :  -*- 

1.  Foliaceoy  when  they  are  abortive  leaves,  as  in  Daphne 
Mezereum. 

2.  Petiolaceoj  when  they  are  formed  by  the  persistent  base 
of  the  petiole,  as  in  Juglans  regia. 

3.  Stipulaceoj  when  they  arise  from  the  union  of  stipules, 
which  roll  together  and  envelope  the  yoimg  shoot,  as  in  Car- 
pinus,  Ostrya,  Magnolia,  &c. 

4.  Fukracea,  when  they  are  formed  of  petioles  and  stipules 
combined,  as  in  Prunus  domestica,  &c.  —  {Rich.  Nauv.  Elem, 
134.  ed.  3.) 

The  manner  in  which  the  young  leaves  are  arranged  within 
the  leaf-bud  is  called  ^/to^'on,  or  vernation.  The  names  applied 
to  the  various  modifications  of  this  will  be  explained  in 
Glossology ;  they  are  of  great  practical  importance  both  for 
distinguishing  species,  genera,  and  even  natural  orders; 
but  have,  nevertheless,  received  very  little  general  atten- 
tion. The  vernation  of  Prunus  Cerasus  is  canduplicate;  of 
Prunus  domestica,  convolute;  of  Filices  and  Cycadese,  circinate, 
and  so  on. 

2.  Of  its  External  Modifications. 

It  has  already  been  stated,  that  the  first  direction  taken  by 
the  stem  immediately  upon  its  developement  is  upwards  into 
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the  air.  While  this  ascending  tendency  is  by  many  plants 
maintained  during  the  whole  period  of  their  exbtence,  by 
others  it  is  departed  Itom  at'  an  early  age,  and  a  horizontal 
course  is  taken  instead;  while  also  free  communication  with 
li^t  and  air  is  essential  to  most  stems,  others  remain  during 
aU  their  lives  buried  under  ground,  and  shun  rather  than  seek 
the  light.  From  these  and  other  causes,  the  stems  of  plants 
assume  a  number  of  different  states,  to  which  botanists  attach 
particular  terms.  It  will  be  most  convenient  to  divide  the 
subject  into  the  varieties  of — 

1.  The  fudtemnuoR  stem ;  and, 

2.  The  aerial  stem. 

The  SUBTERRANEAN  Stem,  often  called  toucke  by  the  French, 
was  confounded  by  all  the  older  botanistsi  as  it  still  is  by  the 
vulgar,  with  the  root,  to  which  it  bears  an  external  resem- 
blance, but  from  which  it  is  positively  distlngui^ed  both 
by  its  ascending  origin,  and  by  its  anatomical  structure. 
{See  Root.) 


The  following  are  the  varieties  which  have  been  distin- 
guished :  — 

The  Cormta,  fig.  23.  {Leau  of  Du  Petit  Thouars,  Plateau 
of  De  Candolle),  is  the  dilated  base  of  the  stem  of  Monocoty- 
ledonous  plants,  intervening  between  the  roots  and  the  first 
buds;  and  forming  the  reproductive  portion  of  the  stem  of 
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such  plants  when  they  are  not  caulescent  It  is  composed  of 
ceUular  tissue^  traversed  by  bundles  of  vessels  and  woody 
fibre,  and  has  the  form  of  a  flattened  disk.  The  fleshy  root 
of  the  Arum,  that  of  the  Crocus  and  the  Colchicum,  are  all 
different  forms  of  the  Cormus.  It  has  been  called  bulbo-tuber 
by  Ker,  and  buBms  solidus  by  many  others ;  the  last  is  a  con- 
tradiction in  terms.     (See  Bulb.) 

•  The  stems  of  Palms  have  by  some  writers  been  considered 
as  an  extended  cormus,  and  not  a  true  stem,  but  this  seems  an 
extravagant  application  of  the  term ;  or  rather  an  application 
which  reduces  the  signification  of  the  term  to  nothing.  A 
cormus  is  a  depressed  subterranean  stem  of  a  particular  kind; 
the  trunk  of  a  Palm  is,  as  far  as  its  external  character  is  con- 
cerned, as  much  a  stem  as  that  of  an  Oak.  De  Candolle  ap- 
plies the  name  cormus  only  to  the  stems  of  Gryptogamous 
plants,  and  refers  to  it  the  Anabices  of  Necker. 

The  T\iberj  fig.  24.  (Tvberculum  if  very  small),  is  an 
annual  tliickened  subterranean  stem,  provided  at  the  sides 
with  latent  buds,  from  which  new  plants  are  produced  the 
succeeding  year,  as  in  the  Potato  and  Arrow-root.  A  tuber 
is,  in  reality,  a  part  of  a  subterranean  stem,  excessively  en- 
larged by  the  developement  to  an  unusual  degree  of  cellular 
tissue.  The  usual  consequences  attendant  upon  such  a  state 
take  place ;  the  regular  and  symmetrical  arrangement  of  the 
buds  is  disturbed ;  the  buds  themselves  are  sunk  beneath  the 
surface,  or  half  obliterated,  and  the  whole  becomes  a  shapeless 
mass.  Such  is  not,  however,  always  the  case;  the  enlarge- 
ment sometimes  occurs  without  being  accompanied  by  much 
distortion,  and  the  true  nature  of  the  tuber  stands  revealed ; 
this  is  remarkably  the  case  in  the  Asparagus  Potato.  In  most, 
perhaps  all  tubers,  a  great  quantity  of  amylaceous  matter 
is  deposited,  on  which  account  they  are  frequently  found  to 
possess  highly  nutritive  properties. 

The  Creeping  stem,  fig.  25.  (soboks)^  is  a  slender  stem,  which 
creeps  along  horizontally  below  the  surface  of  the  earth,  emit- 
ting roots  and  new  plants  at  intervals,  as  in  the  Tridcum 
repens.  It  differs  in  nothing  whatever  from  the  rhizoma,  ex- 
cept in  being  subterranean.     This  is  what  many  botanists  call 
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a  creeping  root.  It  is  one  of  those  provisions  of  nature  by 
vhich  the  barren  sands  that  bound  the  sea  are  confined 
vithin  their  limits ;  most  of  the  plants  which  cover  such  soils 
being  provided  with  subterranean  steins  of  this  kind.  It  is 
also  extremely  tenacious  of  life,  Uie  buds  at  every  node  being 
capable  of  renewing  the  existence  of  the  individual,  hence 
the  almost  indestructible  properties  of  the  Couch  grass,  Triti- 
cum  repena,  by  the  ordinary  operations  of  husbandry ;  divi- 
sions  of  its  creeping  stem,  by  cutting  and  tearing,  producing 
no  other  efi^t  than  that  of  calling  new  individuals  into  exist- 
ence as  iast  as  others  are  destroyed.  The  term  soboles  is 
applied  by  Link  and  De  Condolle  to  the  sucker  of  trees  and 
shrubs.     (See  Surcuhu.) 

Of  the  AERIAL  stem,  the  most  remarkable  forms  are  the 
following :  — 


The  term  tUm  {caulit)  is  generally  applied  to  the  ascending 
caudex  of  herbaceous  plants  or  shrubs,  and  not  to  trees,  in 
which  the  word  trunk  is  employed  to  indicate  their  mmn  stem ; 
sometimeB,  however,  this  is  called  catdis  arboreut.  From  the 
caulis,  Linnaeus,  fbUowing  the  older  botanista,  distinguished 
the  culmtu  or  straw  (Chatane,  Fr.),  which  is  the  stem  of 
Grasses ;  and  De  Candolle  has  further  adopted  the  name  Ca- 
hmtu  {C^ahtmeau,  Fr.)  for  all  fistulous  simple  stems  without 
articulations,  as  those  of  Kushes;  but  neither  of  these  differ  in 
any  material  decree  firom  common  stems,  and  the  employment 
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of  either  term  is  superfluous.  This  has  been  already  remarked 
with  respect  to  culmus  by  Link,  who  very  justly  inquires 
(Linnaea,  ii.  235.)  ^^cur  Graminibus  caulem  denegares  et  cul- 
mum  diceres  ?  " 

The  Runner^  fig.  26.  (sarmentum  of  Fuchs.  and  Linnaeus, 
eaulant  of  the  French),  is  a  prostrate  filiform  stem,  forming  at 
its  extremity  roots  and  a  young  plant,  which  itself  gives  birth 
to  new  runners,  as  in  the  Strawberry.  Rightly  considered,  it 
is  a  prostrate  viviparous  scape ;  that  is  to  say,  a  scape  which 
produces  roots  and  leaves  instead  of  flowers.  It  has  been 
called  JloffeUUm  by  some  modern  botanists,  but  that  term  pro- 
perly applies  to  the  trailing  i^oots  of  the  vine. 

The  Sucker^  fig.  28.  (surctdus)^  called  by  the  French  dragon 
or  surgeon^  is  a  branch  which  proceeds  from  the  neck  of  a 
plant  beneath  the  surface,  and  becomes  erect  as  soon  as  it 
emerges  from  the  earth,  immediately  producing  leaves  and 
branches,  and  subsequently  roots  from  its  base,  as  in  Rosa 
spinosissima,  and  many  other  plants.  Link  applies  the  term 
soboles  to  this  form  of  stem.  From  this  has  been  distinguished 
by  some  botanists  the  Stole  (stolo,  Lat. ;  and  jet^  French) ; 
which  may  be  considered  the  reverse  of  the  sucker,  it  differing 
in  proceeding  from  the  stem  above  the  surface  of  the  earth, 
into  which  it  afterwards  descends  and  takes' root,  as  in  Aster 
junceus;  but  there  does  not  appear  to  be  any  material  distinc- 
tion between  them.  Willdenow  confines  the  term  mrculus  to 
the  creeping  stems  of  Mosses.  By  the  older  botanists  a  sucker 
was  always  understood  by  the  word  stolon  and  suradus  indi- 
cated a  vigorous  young  shoot  without  branches. 

The  shoots  thrown  up  from  the  subterranean  part  of  the 
stem  of  Monocotyledonous  plants,  as  the  Pineapple  for  ex- 
ample (the  Adnata,  AdnascenHa,  or  Appendices  of  Fuchsius), 
are  of  the  nature  of  suckers. 

It  may  be  here  remarked,  that  stole  has  given  rise  to  the 
name  stool,  which  is  applied  to  the  parent  plant,  whence 
young  individuals  are  propagated  by  the  process  of  layering,  as 
it  is  technically  called  by  gardeners.  The  branch  laid  down 
was  termed  propago  by  the  older  botanists,  and  the  layer  was 
called  maUeohis,  which  literally  signifies  a  hammer;  the  name 
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was  thus  applied,  because,  when  the  layer  is  separated  from  its 
parent,  its  lower  end  resembles  a  hammer  head,  of  which  the 
new  plant  represents  the  handle. 

The  Offset^  fig.  29.  {propacidum.  Link),  is  a  short  lateral 
branch  in  some  herbaceous,  plants,  terminated  by  a  cluster  of 
leaves,  and  capable  of  taking  root  when  separated  from  the 
mother  plant,  as  in  Sempervivum.  It  differs  very  little  frojn 
the  runner. 

The  Mootstockf  fig.  27.  (rhizoma)^  is  a  prostrate  thickened 
rooting  stem,  which  yearly  produces  young  branches  or  plants. 
It  is  chiefly  found  in  Irideae  and  epiphytous  Orchideae,  and  is 
often  called  caudex  repens.  The  old  botanists  called  it  cervix, 
—a  name  now  forgotten. 

The  Vine,  fig.  30.  (vitiada,  Fuchs.),  is  a  stem  which  trails 
along  the  ground  without  rooting,  or  entangles  itself  with 
other  plants,  to  which  it  adheres  by  means  of  its  tendrils,  as 
the  Cucumber  and  the  Vine.  This  term  is  now  rarely  em- 
ployed. De  Candolle  refers  it  to  the  runner  or  sarmentum ; 
but  it  is  essentially  distinct  from  that  form  of  stem. 

If  a  plant  is  apparently  destitute  of  an  aerial  stem,  it  is 
technically  called  stemless  (acaulis),  a  term  which  must  not 
however  be  understood  to  be  exact,  because  it  is,  from  the 
nature  of  things,  impossible  that  any  plant  can  exist  without 
a  stem  in  a  greater  or  less  degree  of  developement  All  that 
the  term  acavlis  really  means,  is  that  the  stem  is  very  short. 

The  Pseudobulb  is  an  enlarged  aerial  stem,  resembling  a 
tuber,  from  which  it  scarcely  differs,  except  in  its  being  formed 
above  ground,  in  having  a  cuticle  that  is  oflen  extremely  hard, 
and  in  retaining  upon  its  surface  the  scars  of  leaves  that  it 
once  bore.  This  is  only  known  in  Orchideous  plants,  in 
which  it  is  very  common :  the  tuber  of  Arrow-root  is  inter- 
mediate between  the  Pseudobulb  and  the  genuine  tuber. 

3.     Of  its  Internal  Modifications. 

The  internal  structure  of  the  stems  of  Flowering  plants,  is 
subject  to  two  principal  and  to  several  subordinate  modifica- 
tions.     The  former  are  well  illustrated  by  such  plants  as  the 
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Oak  and  the  Cone,  specimens  of  which  can  be  easily  obtained 
for  compariBon.  A  transverse  slice  of  the  former  exhibits  a 
centTal  cellular  substance  or  pith,  an  external  cellular  and 
fibrous  ring  or  bark,  an  intennediate  woody  mass,  and  certain 
fine  lines  radiating  from  the  pith  to  the  bark,  through  the 
wood,  and  called  medvllary  rays  ;  this  is  called  Exooenous 
structure.  In  the  Cone,  on  the  contrary,  neither  bark,  nor 
pith,  nor  wood,  nor  medullary  rays,  are  distinguishable ;  but 
the  transverse  section  exhibits  a  large  number  of  holes  irr^^ 
larly  arranged,  and  caused  by  the  section  of  vasiform  tissue, 
and  the  mass  of  woody  and  cellular  substance  in  which  tfaey 
lie  imbedded.  This  kind  of  structure  is  named  Endooenous. 
In  both  cases  there  is  a  ceUular  at)d  vatadar  Mt/item  distinct 
from  each  other ;  it  is  only  by  a  diversity  in  their  respective 
arrangement  that  the  difierences  above  described  are  caused. 
In  explaining  in  detail  the  peculiar  structure  of  Exogenous 
and  Endc^nous  stems,  it  will  be  more  convenient  to  consider 
them  with  reference  to  those  two  systems,  than  to  follow  the 
usual  method  of  leaving  the  fact  of  there  being  two  distinct 
systems  out  of  consideration. 


}  1.   Of  the  Exogenous  Strw^re. 


The  cellviar  system  in  an  Exogenous  stem  chiefly  occupies 
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the  centre  and  the  circumference,  which  are  connected  by  tliin 

vertical  plates  of  the  same  nature  33 

as  themselves.      The  central  part 

{a,  fig.  32.)  is  tlie  pitk,  that  of  the 

circumference  {b)  is  the  bark,  and  / 

the  connecting  verdcal  plates  (c)  are  / 

meduilary  rayx. 

The  pith  is  a  cylindrical  or  an-  \ 
gular  column  of  cellular  tissue, 
arising  at  the  neck  of  the  stem 
and  terminadng  at  the  leaf-huds, 
with  all  of  which,  whether  they  are  lateral  or  terminal,  it  is  in 
direct  communication.  Its  tissue,  when  cut  through,  almost 
always  exhibits  an  hexagonal  character,  and  is  frequently 
lai^r  than  in  any  other  part  When  newly  formed,  it  is 
green,  and  filled  with  fluid ;  but  its  colour  gradually  disap- 
pears as  it  dries  up,  and  it  finally  becomes  colourless.  After 
this  it  undergoes  no  further  change,  unless  by  the  deposition 
in  it,  in  course  of  time,  of  some  of  the  peculiar  secretions  of 
the  species  to  which  it  belongs.  It  has  been  contended,  in- 
deed, by  some  physiologists,  that  it  is  gradually  pressed  upon 
by  the  surrounding  part  of  the  vascular  system,  until  it  is 
either  much  reduced  in  diameter  or  wholly  disappears ;  and  in 
proof  of  this  assertion,  the  Elder  has  been  referred  to,  iu 
which  the  pith  is  very  large  in  the  young  shoots,  and  very 
small  in  the  old  trunks.  Those,  however,  who  entertain  this 
opinion,  seem  not  to  consider  that  the  diameter  of  the  pith  of 
all  trees  is  different  in  diflerent  shoots,  according  to  the  age  of 
those  shoots ;  —  that  in  the  first  that  arises  af^r  germination, 
the  pith  is  a  mere  thread,  or  at  least  of  very  small  dimensions 
—  that  in  the  shoots  of  the  succeeding  year  it  becomes  larger 
— and  that  its  dimensions  increase  in  proportion  to  the  gene- 
ral rapidity  of  developement  of  the  vegetable  system :  the  pith, 
therefore,  in  the  first-formed  shoots,  in  which  It  is  so  small 
compared  with  that  in  the  branches  of  subsequent  years,  is 
not  small  because  of  the  pressure  of  surrounding  parts;  it 
never  was  any  lai^er. 

The  pith  is  always,  when  first  forming,  a  uniform  compact 
mass,  connected  without  interruption  in  any  part ;  but  the 


CHAP.  II.  EXOGENOUS    STEMS.  69 

vascular  system  sometimes  developing  more  rapidly  than  itself, 
it  occasionally  happens  that  it  is  either  torn  or  divided  into 
irregular  cavities,  as  in  the  Horse  Chestnut,  the  Rice-paper 
plant,  and  many  others ;  or  that  it  is  so  much  lacerated  as  to 
lose  all  resemblance  to  its  original  state,  and  to  remain  in  the 
shape  of  ragged  fragments  adhering  to  the  inside  of  the  vas- 
cular system :  this  is  what  happens  in  Umbelliferous  and  other 
fistular-stemmed  plants. 

Sometimes  the  pith  is  much  more  compact  at  the  nodes  than 
in  the  intemodes,  as  in  the  Ash;  whence  an  idea  has  arisen 
that  it  is  actually  interrupted  at  those  places :  this  is,  however, 
an  obvious  mistake;  there  is  no  interruption  of  continuity,  but 
a  mere  alteration  in  compactness. 

It  very  seldom  happens  that  any  part  of  the  vascular  system 
intermixes  with  the  pith,  which  is  almost  always  composed  of 
cellular  tissue  exclusively ;  but  in  Ferula  and  the  Marvel  of 
Peru,  it  has  been  proved  by  Mirbel  and  De  Candolle,  that 
bundles  of  woody  fibre  are  intermixed;  and  in  Nepenthes 
there  is  a  considerable  quantity  of  spiral  vessels  scattered 
among  the  cellular  tissue  of  the  same  part. 

The  Bark  is  the  external  coating  of  the  stem,  l)dng  imme- 
diately over  the  wood,  to  which  it  forms  a  sort  of  sheath,  and 
from  which  it  is  always  distinctly  separable.  When  but  one 
year  old,  it  consists  of  an  exterior  coating  of  cellular  substance, 
called  the  cellular  integument  or  the  epidermis^  and  of  an  in- 
terior lining  of  woody  tissue,  called  the  liber  or  inner  bark :  if 
more  than  one  year  old,  then  it  is  composed  of  as  many  layers 
of  cellular  integument  and  woody  tissue  as  it  is  years  old,  the 
former  being  invariably  external,  and  the  latter  internal,  in 
each  layer;  and  every  layer  being  formed  beneath  the  previous 
one,  and  therefore  next  the  wood.  In  consequence  of  the 
new  bark  being  continually  generated  witliin  that  of  the  pre- 
vious year,  it  is  necessary  that  the  latter,  which  is  pushed 
outwards,  should  be  extensible ;  and  in  many  plants  this  ex- 
tensibility takes  place  to  a  considerable  degree.  In  the  Apple, 
several  successive  zones  of  bark  are  formed  without  any 
appearance  of  a  dislocation  or  disruption  of  the  tissue  of 
the  outside;  and  in  the  Daphne  Lagetto,  the  fibres  of  the 
liber  are  so  tenacious   that,  instead  of  being   ruptured   by 
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the  force  of  the  inward  growth,  they  are  separated  into 
lozenge-shaped  meshes,  arranged  in  such  beautiful  order, 
as  to  have  acquired  for  the  plant  itself  the  name  of  the  Lace 
Bark  Tree.  There  exists,  however,  in  all  cases,  a  limit  to 
the  extensibility  of  the  old  layers  of  bark ;  and  when  this  is 
reached,  the  outer  bark  either  splits  into  deep  fissures,  as  in 
the  Oak,  the  Elm,  the  Cork,  and  most  of  our  European  trees, 
or  it  falls  away  in  broad  plates,  as  in  the  Plane,  or  it  peels  off 
in  long  thin  ribands,  as  in  the  Birch. 

As  there  is  a  double  layer  of  cellular  integument  and  woody 
fibre  formed  every  year,  it  follows  that  the  age  of  a  tree  ought 
to  be  indicated  by  the  number  of  such  deposits  contained  in 
its  bark.  But  the  arrangement  of  the  zones  is  so  very  soon 
disturbed,  and  the  distinction  between  them  becomes  so  im- 
perfect, that  even  when  the  outermost  coating  is  still  entire,  it 
is  scarcely  practicable  to  count  the  zones ;  and  as  soon  as  the 
outside  begins  to  split  or  peel  off,  all  traces  of  their  full  num- 
ber necessarily  disappear. 

That  the  bark  really  increases  by  constant  deposits  of  new 
matter  between  it  and  the  wood,  is  demonstrated  by  introduc- 
ing a  piece  of  metal  into  the  liber  of  a  tree,  and  watching  it 
subsequently :  in  process  of  time  it  will  be  protruded  to  the 
outside,  and  will  finally  fall  away. 

Notwithstanding  the  fibrous  character  of  a  certain  portion 
of  the  bark,  it  is  generally  so  brittle  as  to  be  capable  of 
breaking  in  all  directions  with  a  clean  fracture,  as  soon  as  it 
becomes  dry  and  ceases  to  live;  but  in  many  plants,  when 
young,  it  is  so  tough  as  to  be  applied  to  different  economical 
purposes.  The  Russia  mats  of  commerce  are  prepared  fi*om 
the  liber  of  two  or  three  species  of  Tilia,  that  of  numerous 
Malvaceae  is  manufactured  into  cordage,  and  similar  pro- 
perties are  found  in  that  of  many  other  plants. 

When  stems  are  old,  the  bark  usually  bears  but  a  small 
proportion  in  thickness  to  the  wood;  yet  in  some  plants  its 
dimensions  are  of  a  magnitude  that  is  very  remarkable.  For 
instance,  specimens  of  Abies  Douglasii  have  been  brought  to 
Europe  twelve  inches  thick,  and  these  are  said  not  to  be  of 
the  largest  size. 

Air  cells  and  Vasa  propria  are  exceedingly  common  in  the 
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bark,  but  there  is  no  well-authenticated  instance  of  any  spiral 
vessels  having  been  found  in  it;  except  in  Nepenthes,  in 
which  they  occur  in  almost  every  part,  and  exist  in  no  incon- 
siderable numbers  in  the  bark.  Don  states  that  spiral  vessels 
abound  in  the  bark  of  Urtica  nivea,  but  I  have  not  succeeded 
in  discovering  them  there. 

Beneath  the  bark  and  above  the  wood  is  interposed  in  the 
spring  a  mucous  viscid  layer,  which,  when  highly  magnified, 
is  found  to  consist  of  numerous  minute  transparent  granules, 
and  to  exhibit  faint  traces  of  a  delicate  cellular  organisation. 
This  secretion  is  named  the  Cambium,  and  appears  to  be 
exuded  both  by  the  bark  and  wood,  certainly  by  the  latter. 

The  cellular  system  of  the  pith  and  that  of  the  bark  are,  in 
the  embryo,  and  youngest  shoots,  in  contact;  but  the  vascular 
system,  as  it  forms,  gradually  interposes  between  them,  till 
after  a  few  weeks  they  are  distinctly  separated,  and  in  very  aged 
trunks  are  sometimes  divided  by  a  space  of  several  feet;  that 
is  to  say,  by  half  the  diameter  of  the  wood.  But  whatever 
may  be  the  distance  between  them,  a  horizontal  communi- 
cation of  the  most  perfect  kind  continues  to  be  maintained. 
When  the  vascular  system  is  first  insinuated  into  the  cellular 
system,  dividing  the  pith  and  bark,  it  does  not  completely 
separate  them,  but  pushes  aside  a  quantity  of  cellular  tissue, 
pressing  it  tightly  into  thin  vertical  radiating  plates :  as  the 
vascidar  system  extends,  these  plates  increase  outwardly,  con- 
tinuing to  maintain  the  connection  between  the  centre  and 
the  circumference.  Botanists  call  them  medullary  rays  (or 
plaies) ;  and  carpenters,  the  silver  grain.  They  are  composed 
of  muriform  cellular  tissue  (Plate  I.  fig.  7.),  often  not  con- 
sisting of  more  than  a  single  layer  of  cellules ;  but  sometimes, 
as  in  Aristolochias,  the  number  of  layers  is  very  considerable 
(Plate  II.  fig.  12.  a).  In  horizontal  sections  of  an  fbcoge- 
nous  stem,  they  are  seen  as  fine  lines  radiating  from  the  centre 
to  the  circumference ;  in  longitudinal  sections  they  produce 
that  glancing  satiny  lustre  which  is  in  all  discoverable,  and 
which  gives  to  some,  such  as  the  Plane  and  the  Sycamore,  a 
character  of  remarkable  beauty. 

No  vascular  tissue  is  ever  found  in  the  medullary  rays,  un- 
less those  curious  plates  described  by  Griffith  in  the  wood 
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of  Phytocrene  gigantea,  in  which  vessels  exist,  should  prove  to 
belong  to  the  medullary  system. 

The  vascular  system  in  an  Exogenous  stem  is  confined  to 
the  space  between  the  pith  and  the  bark,  where  it  chiefly  con- 
sists of  ducts,  and  vasiform  or  woody  tissue  collected  into  com- 
pact wedge-shaped  vertical  plates  (fig.  32.  <f),  the  edges  of 
which  rest  on  the  pith  and  bark,  and  the  sides  of  which  are  in 
contact  with  the  medullary  rays. 

That  portion  of  the  vascular  system  which  is  first  generated 
is  in  immediate  contact  with  the  pith,  to  which  it  forms  a 
complete  sheath,  interrupted  only  by  the  passage  of  the 
medullary  rays  through  it.  It  consists  of  spiral  vessels  and 
woody  tissue  intermixed,  and  forms  an  exceedingly  thin 
layer,  called  the  medullary  sheath.  This  is  the  only  part  of 
the  vascular  system  of  the  stem  in  which  spiral  vessels  are  or- 
dinarily found ;  the  whole  of  the  vessels  subsequently  depo- 
sited over  the  medullary  sheath  being  ducts,  or  vasiform  tis- 
sue, with  a  few  exceptions.  The  medullary  sheath  establishes 
a  connection  between  the  axis  and  all  its  appendages,  the 
veins  of  leaves,  flowers,  and  fruits,  being  in  all  cases  prolonga- 
tions of  it.  It  has  been  remarked  by  Senebier,  and  since  by 
De  Candolle,  that  it  preserves  a  green  colour  even  in  old 
trunks,  which  proves  that  it  still  continues  to  retain  its 
vitahty  when  that  of  the  surrounding  parts  has  ceased. 

The  vascular  system  of  a  stem  one  year  old  consists  of  a 
zone  of  wood  lying  between  the  pith  and  the  bark,  lined  in 
the  inside  by  the  medullary  sheath,  and  separated  into  wedge- 
shaped  vertical  plates  by  the  medullary  rays  that  pass  through 
it.  All  that  part  of  the  first  zone  which  is  on  the  outside  of 
the  medullary  sheath  is  composed  of  woody  tissue  and  vessels 
intermixed  in  no  apparent  order ;  but  the  vessels  are  generally 
either  in  greater  abundance  next  the  medullary  sheath,  or 
confined  to  that  side  of  the  zone,  and  the  woody  tissue  alone 
forms  a  compact  mass  on  the  outside.  The  second  year 
another  zone  is  formed  on  the  outside  of  the  first,  with  which 
it  agrees  exactly  in  structure,  except  that  there  is  no  medul- 
lary sheath;  tlie  third  year  a  third  zone  is  formed  on  the 
outside  the  second,  in  all  respects  like  it;  and'  so  on,  one 
zone  being  deposited  every  year  as  long  as  the  plant  con- 
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tinues  to  live.  As  each  new  zone  is  formed  over  that  of  the 
previous  year,  the  latter  undergoes  no  alteration  of  structure 
when  once  formed:  wood  is  not  subject  to  distension  by  a 
force  beneath  it,  as  the  bark  is ;  but,  whatever  the  first  ar- 
rangement or  direction  of  its  tissue  may  be,  such  they  remain 
to  the  end  of  its  life.  The  formation  of  the  wood  is,  therefore, 
the  reverse  of  that  of  the  bark ;  the  latter  increasing  by  addi- 
tion to  its  inside,  the  former  by  successive  deposits  upon  its 
outside.  It  is  for  this  reason  that  stems  of  this  kind  are  called 
fbcogenous  (from  two  Greek  words,  signifying  to  grow  out- 
wardly). According  to  Dutrochet,  each  zone  of  wood  is 
in  these  plants  separated  from  its  neighbour  by  a  layer  of  cel- 
lular tissue,  forming  part  of  the  system  of  the  pith  and  bark ; 
but  although  this  is  true  in  certain  plants,  such  as  arborescent 
nettles  and  others,  it  is  by  no  means  a  general  law. 

After  wood  has  arrived  at  the  age  of  a  few  years,  or  some- 
times even  sooner,  it  acquires  a  colour  different  from  that 
which  it  possessed  when  first  deposited,  becoming  what  is 
called  heart-wood^  or  duramen.  For  instance,  in  the  beech  it 
becomes  light  brown,  in  the  oak  deep  brown,  in  Brazil  wood 
and  Guaiacum  -^reen,  and  in  ebony  black.  In  all  these  it 
was  originally  colourless,  and  owes  its  different  tints  to  matter 
deposited  gradually  in  all  parts  of  the  tissue ;  as  may  be  easily 
proved  by  throwing  a  piece  of  heart-wood  into  nitric  acid,  or 
some  other  solvent,  when  the  colouring  matter  is  discharged, 
and  the  tissue  recovers  its  original  colourless  character.  That 
part  of  the  wood  in  which  no  colouring  matter  is  yet  depo- 
sited, and  consequently  that  which,  being  last  formed,  is  inter- 
posed between  the  bark  and  duramen,  is  called  alburnum. 
The  distinction  between  these  is  physiologically  important,  as 
will  hereafter  be  explained. 

Each  zone  of  the  vascular  system  of  an  Exogenous  stem 
being  the  result  of  a  single  year's  growth,  it  should  follow  that, 
to  count  the  zones  apparent  in  a  transverse  section  is  sufficient 
to  determine  the  age  of  the  individual  under  examination; 
and  further,  that,  as  there  is  not  much  difference  in  the  aver- 
age depth  of  the  zones  in  very  old  trees,  a  certain  rate  of 
growth  being  ascertained  to  be  pecidiar  to  particular  species, 
the  examin&tion  of  a  mere  fragment  of  a  tree,  the  diameter  of 
which  is  known,  should  suffice  to  enable  the  botanist  to  judge 
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with  considerable  accuracy  of  the  age  of  the  individual  to 
which  it  belonged.  It  is  true,  indeed,  that  the  zones  become 
less  and  less  deep  as  a  tree  advances  in  age ;  that  in  cold  sea- 
sons, or  after  transplantation,  or  in  consequence  of  any  causes 
that  may  have  impeded  its  growth,  the  formation  of  wood  is 
so  imperfect  as  scarcely  to  form  a  perceptible  zone :  yet  De 
CandoUe  has  endeavoured  to  show,  in  a  very  able  paper,  Sur 
la  LonffevitS  des  Arbres,  that  the  general  accuracy  of  calcula- 
tions is  not  much  affected  by  such  accidents ;  occasional  inter- 
ruptions to  growth  being  scarcely  appreciable  in  the  average 
of  many  years.  This  is  possibly  true  in  European  trees,  and 
in  those  of  other  cold  or  temperate  regions  in  which  the  sea- 
sons are  distinctly  marked ;  in  such  the  zones  are  not  only 
separated  with  tolerable  precision,  but  do  not  vary  much  in 
annual  dimensions.  But  in  many  hot  countries  the  difference 
between  the  growing  season  and  that  of  rest,  if  any  occur,  is 
so  ^mall,  that  the  zones  are  as  it  were  confounded,  and  the  ob- 
server finds  himself  incapable  of  distinguishing  with  exactness 
the  formation  of  one  year  from  that  of  another.  In  the  wood 
of  Guaiacum,  Phlomis  fruticosa,  Metrosideros  polymorpha, 
and  many  other  Myrtaceae,  for  instance,  the  zones  are  ex- 
tremely indistinct ;  in  some  Bauhinias  they  are  formed  with 
great  irregularity ;  and  in  Stauntonia  latifolia,  some  kinds  of 
Ficus,  certain  species  of  Aristolochia,  as  A.  labiosa,  and  many 
other  plants,  they  are  so  confounded,  that  there  is  not  the 
slightest  trace  of  annual  separation.  It  is  also  to  be  remarked, 
that  in  Zamias  we  seldom  find  more  than  two  or  three  zones 
of  wood,  whatever  may  be  the  age  of  the  individual ;  and  yet 
it  appears  from  Ecklon's  observations,  that  a  Zamia,  with  a 
trunk  only  four  or  five  feet  high,  can  scarcely  be  less  than  two 
or  three  hundred  years  old.     {Lehm.  PugilL  vi.) 

With  regard  to  judging  of  the  age  of  a  tree  by  the  inspec- 
tion of  a  fragment,  the  diameter  of  the  stem  being  known,  a 
little  reflection  will  show  that  this  is  to  be  done  with  great 
caution,  and  that  it  is  liable  to  excessive  error.  If,  indeed, 
the  zones  upon  both  sides  of  a  tree  were  always  of  the  same, 
or  nearly  the  same,  thickness,  much  error  would,  perhaps,  not 
attend  such  an  investigation ;  but  it  happens  that,  from  vari- 
ous causes,  there  is  often  a  great  difference  between  the  growth 
of  the  two  sides,  and  consequently,  that  a  fragment  taken  from 
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either  side  must  necessarily  lead  to  the  fidsest  inferences.  For 
example,  I  have  now  before  me  four  specimens  of  wood,  taken 
almost  at  hazard  from  among  a  fine  collection,  for  which  I  am 
indebted  to  the  munificence  of  the  East  India  Company. 
The  measurements  of  either  side,  and  their  age,  as  indicated 
by  the  number  of  zones  they  comprehend,  are  as  follows :  — 


Benthamia  fragifera 
Pyrus  foliolosa    -     - 
Bilagnolia  iosignis    - 
Alnus  napalensis 


Diameter  of 


Side  A. 


9  lines. 

8  lines. 
11  lines. 
11  lines. 


36  lines. 

22  lines. 
20  lines. 

23  lines. 


45  lines. 

30  lines. 

31  lines. 
34  lines. 


Now,  in  the  first  of  these  cases,  suppose  that  a  portion  of  the 
side  A.  were  examined,  the  observer  would  find  that  each 
zone  is  0*225  of  a  line  deep ;  and,  as  the  whole  diameter  of 
the  stem  is  45  lines,  he  would  estimate  the  side  he  examined 
to]  be  22*5  lines  deep  ;  consequently,  he  would  arrive,  by  cal- 
culation, at  the  conclusion,  that,  as  his  plant  was  one  year 
growing  0*225  of  a  line,  it  would  be  a  hundred  years  in 
growing  22*5  lines,  while,  in  fact,  it  has  been  only  forty  years. 
And  so  of  the  rest. 

When  we  hear  of  the  Baobab  trees  of  Senegal  being  5150 
years  old,  as  computed  by  Adanson,  and  the  Taxodium  dis* 
tichum  still  more  aged,  according  to  the  ingenious  calculations 
of  Alphonse  De  Candolle,  it  is  impossible  to  avoid  suspecting 
that  some  such  error  as  that  just  explained  has  vitiated  their 
conclusions. 

To  the  characters  above  assigned  to  the  stem  of  fbcogenous 
plants  there  are  several  remarkable  exceptions,  some  of  which 
have  been  described  by  botanists ;  others  are  mentioned  now 
for  the  first  time. 

Mirbel  has  noticed  the  unusual  structure  of  Calycanthus 
(Annates  des  Sciences,  vol.  xiv.),  in  the  bark  of  which,  at  equal 
distances,  are  found  four  minute  extremely  eccentrical  woody 
axes,  the  principal  diameter  of  which  is  inwards ;  that  is  to  say, 
next  the  wood.  The  existence  of  this  structure,  noticed  by 
the  discoverer  only  in  C.  floridus,  I  have  since  ascertained  in 
all  the  other  species,  and  also  in  Chimonanthus.    Gaudichaud 
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attempts  to  explain  thb  curious  mode  of  growth  upon  the  sup- 
position that  each  leaf  forms  three  fascicles  of  woody,  matter, 
whereof  the  central  is  the  most  powerful,  and  produces  the 
mass  of  the  stem;  and  the  lateral  ones,  which  are  much 
weaker,  give  origin  to  the  accessory  axes ; — and  he  states, 
that  in  climbing  Sapindaceous  plants  the  same  phenomenon 
occurs,  only  to  a  &r  greater  extent.  He  represents  that  in 
those  cases  the  fibres  of  each  leafstalk  separate  into  three  or 
four  principal  branches,  each  of  which  applies  itself  to  one  of 
the  internal  woody  axes  of  the  stem,  which,  in  time,  consists  of 
from  four  to  eight  distinct  axes,  the  central  being  larger  than 
the  others,  and  each  having  its  own  cortical  Integument.  The 
fact  is  exceedingly  curious,  but  I  doubt  very  much  whether 
the  explanation  is  just     (Arch,  de  Bot,,  ii.  492.) 

In  Coniferous  wood  {Jig.  33.)  there  ia 
scarcely  any  mixture  of  vessels  among  , 
woody  fibre,  as  in  other  exogenous  plants ; 
in  consequence  of  which  a  cross  section 
exhibits  noneof  those  open  mouths  which 
are  caused  by  the  division  of  vessels, 
and  which  give  what  is  vulgarly  called 
porosity  to  wood.  Instead  of  this,  the 
vascular  system  generally  consists  exclu- 
sively of  Uiat  kind  of  woody  tissue  which 
has  been  described  at  p.  20.,  under  the 
name  of  glandular,  with  the  exception  of 
the  medullary  sheatli,  in  which  spiral  vessels  are  present  in 
small  numbers.  The  Yew  is  the  principal  exception :  in  this 
plant  the  woody  tissue  is  the  same  as  that  of  other  ConifersB ; 
but  many  tubes  have  a  great  quantity  of  little  fibres  lying  ob- 
liquely across  them  at  nearly  equal  distances,  sometimes 
arranged  with  considerable  regularity, — sometimes  disturbed 
-  as  it  were,  so  that  the  transverse  fibres,  although  they  retain 
their  obhquity,  are  not  parallel, — and  sometimes,  but  more 
rarely,  so  regular  as  to  give  to  the  tubes  of  woody  fibre  the 
appearance  of  spiral  vessels,  the  coils  of  which  are  separated 
by  considerable  intervals.  The  latter  only  is  represented  by 
Kieser,  at  his  tab.  xxi.  fig.  103,  104.;  but  the  former  is  by 
&r  the  most  common  appearance. 

In  Cycadeie  the  vascular  s^'stem  is  destitute  of  vessels,  as  in 
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Conifers;  their  place  being  supplied  by  such  woody  tissue  as 
has  been  already  described  at  p.  19.  But  the  zones  of  wood 
are  separated  by  a  layer  of  cellular  substance  resembling  that 
of  the  pith,  and  often  as  thick  as  the  zones  themselves.  This 
structure  is  represented  by  Adolphe  Brongniart,  in  tlie  16th 
volume  of  the  Annales  des  Sciences. 

My  friend  Mr.  Griffith  has  beautifully  illustrated  the  struc- 
ture of  a  plant  called  Phytocrene  (fig,  34. ),  in  Wallich'a  Plantae 
AsiatJcse,  vol.  iii.  t.  216.  In  this  curious  production  the  wood 
consists  of  plates  containing  vessels  and  woody  tissue)  having 
no  connection  with  each  other,  and  separated  at  very  consi- 
derable intervals  by  a  large  mass  of  prosenchymatous  cellular 
tissue  filled  with  vasiform  tissue,  and  representing  medullary 
rays.*  When  the  stem  is  dry,  the  woody  plates  separate  from 
the  other  tissue,  in  which  they  (uially  He  loose. 


In  Nepenthes  disullatona  the  pith  contains  a  great  quantity 
of  spiral  vessels  the  place  of  the  medullary  sheath  is  occu- 
pied by  a  deep  and  dense  layer  of  woody  tissue,  In  which  no 
vessels,  or  scarcely  any  are  discoverable ;  there  are  no  me- 
dullary ra}s  the  wood  has  no  concentric  zones ;  between  the 
bark  and  the  wood  is  interposed  a  thick  layer  of  cellular  tissue, 
in  which  an  immense  quantity  of  very  large  spiral  vessels  is 
formed;  on  the  outside  of  this  layer  is  a  thinner  coating  of 

'  It  will  be  wen  that  the  view  I  now  take  of  the  analogies  ofihe  parts 
in  the  trunk  uf  Phytocrene  is  very  difibrent  Trom  that  in  the  fint  edition  of 
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mwdy  tissue,  containing  some  very  minute  spiral  vessels ;  and, 
(uially,  the  whole  is  enclosed  in  a  cellular  integument,  also  con- 
taining spiral  vessels  of  small  size.  In  this  singular  plant  the 
outer  layers  are,  it  is  to  be  presumed,  liber  and  epidermis ;  and 
the  cellular  deposit  between  the  formerand  the  wood  js  analogous 
to  cambium  in  an  organised  state,  belonging  equally  to  the 
wood  and  the  bark.  What  is  so  exceedingly  remarkable  is  the 
complete  intermixture  of  the  vascular  and  cellular  systems, 
so  that  limits  no  longer  exist  between  the  two. 

I  have  a  specimen  of  the  twisted  compressed  stem  of  a 
Bauhinia  Irom  Colombia  (_fig.  35.),  in  which  there  are  no  con- 
centric circles,  properly  so  called ;  but  in  which  there  are  cer- 
tain irregular  flexuoua  zones,  consisting  of  a  layer  of  cellular 
tissue  coated  by  a  stratum  of  woody  tissue,  enclosing,  at  insular 
distances  from  the  centre,  very  unequal 
portions  of  the  vascular  system.  The 
pith  is  exceedingly  excentrical ;  and  the 
medullary  rays,  which  are  imperfectly 
formed,  do  not  all  radiate  from  the  pith, 
but  on  the  thickest  side  form  curves 
passing  from  one  side  of  the  stem  to  the 
other,  their  concavities  turned  towards 
the  pith. 

In  the  stem  of  a  Passion-flower  in  my 
possession  from  Colombia  {J^.  36.),  the 
vascular  system   is   divided   into    four 

nearly  equal  parts>  by  fbur  short 
thick  plates  radiatuig  from  the 
pith,  and  consisting  of  woody 
tissue,  with  a  very  few  vessels. 
These  plates  are  not  more  than 
one  third  the  depth  of  the  wood; 
so  that  between  their  back  and 
the  bark  there  is  a  considerable 
vacancy,  by  which  the  four  di- 
visions of  the  vascular  system  are 
separated.  Tliis  vacancy  is  nearly 
filled  with  bark,  which  projects 
into  the  cavity. 
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In  Stauntonia  latifolia 
{Jig.  37.),  which  has  a 
twining  stem,  there  are 
no  concentric  circles,  and 
the  medullary  rays  are 
curved,  part  irom  right 
to  left,  and  part  from  left 
to  right,  diverging  at  one 
point  and  converging  at 
another ,  the  bark  is  pier- 
ced with  extensive  longi- 
tuduial  perforations. 

In  Euonymus  tingens  {fy. 
38.)  the  vessels  near  the  centre 
of  the  stem  are  arranged  in  con- 
L  centric  interrupted  circles,  but 
'  towards  the  bark  there  is  no 
trace  of  such  circles ;  the  sur- 
face of  the  stem  is  deeply  cut 
into  lobes  parallel  with  the 
stem,  and  the  vessels  are  aU 
confounded  in  an  uniform  mass. 
Gaudichaud  represents  the  stem  of  some  Malpighiaceous 
plants  to  be  in  like  manner  divided  into  a  number  of  regular 
lobes,  which,  however,  actually  reach  the  axis ;  and,  in  con- 
sequence of  the  twuung  habit  of  the  stem,  are  twiated  into  the 
appearance  of  a  cable  extemaUy. 

In  Menispermum  laurifolium  (Jig. 
39.)  the  concentric  lines  evidently 
belong  to  the  medullary  system;  they  ' 
are  extremely  interrupted  and  un- 
equal, often  only  half  encircling  the 
stem,  or  even  less,  and  they  anasto- 
mose in  various  ways ;  the  medullary 
rays  are  unusually  large,  and  lie  across 
the  wood  like  parallel  bars ;  and, 
finally,  the  plates  of  which  the  wood 
consists  each  contain  but  one  vessel, 
which  is  situated  at  the  external 
edge  of  the  plate. 
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*o  None  of  the  anomalous  forms  of 

Exogenous  stems  are,  however,  so 
t  remarkable  as  an  unknown  Burmese 
tree  (^.40. ),foraspecimen  of  which  I 
am  indebted  to  my  friend  Dr.  Walltch. 
In  a  section  of  this,  the  general  ap- 
pearance b  BO  much  that  of  an  Endo- 
genous stem,  that  without  an  attentive 
examination  it  might  be  actually  mis- 
taken for  one.  The  diameter  of  this 
stem  is  two  inches  seven  lines ;  it  is  nearly  perfectly  circular, 
and  has  a  very  thin  but  distinct  bark,  with  a  central  pith 
surrounded  by  very  compact  woody  tissue.  There  are  neither 
zones  nor  medullary  rays ;  but  the  vascular  system  consbts  of 
an  unifarm  mass  of  vessels  and  woody  tissue,  dbposed  with 
great  symmetry,  and  of  the  same  d^ree  of  compactness  at 
the  circumference  as  in  the  centre.  Amongst  thb  wood  are 
interspersed,  at  the  distance  of  about  half  a  line,  with  great 
regularity,  passages  containing  loose  cellular  tissue.  These 
passages  are  convex  at  the  back  and  rather  concave  in  front, 
run  parallel  with  the  vessels,  and  do  not  seem  to  have  any 
kind  of  communication  with  each  other.  They,  no  doubt, 
represent  the  medullary  rays  of  the  cellular  system  of  this 
highly  curious  plant.  It  must  be  remarked,  that  the  re- 
semblance borne  by  this  stem  to  that  of  an  Endogenous 
plant  b  more  apparent  than  real ;  for  whilst,  in  the  latter,  the 
vascular  system  is  separated  into  bundles  surrounded  by  the 
cellular  system,  in  this,  on  the  contrary,  the  cellidar  system 
consbts  of  tubular  passages,  surrounded  by  masses  of  the 
vascular  system. 

These  examples  of  anomalous  structure  will  show  the  stu- 
dent that  it  b  neither  medullary  rays  nor  concentric  zones  in 
the  wood  that  are  the  certain  indications  of  Exogenous 
growth,  both  the  one  and  the  other  being  sometimes  absent ; 
but  that  the  presence  of  a  central  pith,  and  a  greater  degree 
of  hardness  in  the  centre  than  in  the  circumference,  are 
the  signs  from  which  alone  any  absolute  evidence  can  be 
derived. 
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j  2.  Of  the  Endogenous  Structtire. 


;ubject  there  will  be 


Plants  of  an  arborescent  habit  having  this  structure  being 
almost  exclusively  extra-European,  and  most  of  them  being 
natives  only  of  the  tropics,  botanists  have  had  fewer  opppor- 
tunities  of  examining  them,  and,  consequently,  our  knowledge 
concerning  them  is  far  more  limited.  It  is,  therefore,  pro- 
bable that  in  this  department  of  the  i 
her^aAer  much  to  add  and  correct. 

En  End<^enou8  plants  the  vascular 
and  cellular  systems  are  as  distinct  t 
in  Exogenous,  but  they  are  dilTerently 
arranged.  The  cellular  system,  instead  / 
of  being  distinguishable  into  pith,  bark, 
and  medullary  rays,  is  a  uniform  mass, 
in  which  the  vascular  system  lies  im- 
bedded in  the  form  of  thick  fibres, 
having  no  tendency  to  collect  into  zones  or  wedges  resembling 
wood.  The  lihroua  bundles  consist  of  woody  tissue,  enclosing 
spiral  or  other  vessels. 

The  following  is  an  explanation  of  the  opinions  generally 
entertuned  concerning  the  formation  of  an  Endi^nous  stem. 
Its  diameter  is  supposed  tobe  increased  by  theconstant  addition 
of  fibrous  bundles  to  the  centre,  whence  the  name;  those  bundles 
diqilace  such  aa  are  previously  formed,  pushing  them  out- 
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wards ;  so  that  the  centre,  being  always  most  newly  formed, 
is  the  softest ;  and  the  outside,  being  older,  and  being  gra- 
dually rendered  more  and  more  compact  by  the  pressure 
exercised  upon  the  bundles  lying  next  it  by  those  forming  in 
the  centre,  is  the  hardest*  In  Endogenous  plants  that  attain 
a  considerable  age,  such  as  many  Palms,  this  operation  goes 
on  till  tlie  outside  becomes  sometimes  hard  enough  to  resist 
the  blow  of  a  hatchet.  It  does  not,  howerer,  appear  that 
each  successive  bundle  of  fibres  passes  exactly  down  the  centre, 
or  that  there  is  even  much  regularity  in  the  manner  in  which 
tliey  are  arranged  in  that  part :  it  is  only  certain  that  it  is 
about  the  centre  that  they  descend,  and  that  on  the  outside  no 
new  formation  takes  place.  This  appears  from  the  manner  in 
which  the  bundles  cross  and  interlace  one  another,  as  is  shown 
in  the  figure  of  Pandanus  odoratissimus  given  by  De  CandoUe 
in  liis  Organographie  (tab.  vi.),  or  still  more  clearly  in  the  lax 
tissue  of  the  inside  of  the  stems  of  Draceena  Draco. 

The  investigations  of  Mohl  appear,  however,  to  show  that 
this  view  of  the  structure  of  Endogens  requires  some  modifi- 
cation. According  to  this  observer,  every  one  of  the  woody 
bundles  of  a  Palm  stem  originates  in  the  leaves,  and  is  at  first 
directed  towards  the  centre ;  arrived  there,  it  follows  the  course 
of  the  stem  for  some  distance,  and  then  turns  outward  again, 
finally  losing  itself  in  the  cortical  integument  In  the  course  of 
their  downward  descent,  the  woody  bundles  gradually  separate 
into  threads,  till  at  last  the  vascular  system,  which  for  a  long 
time  formed  an  essential  part  of  each  of  them,  disappears,  and 
there  is  nothing  left  but  woody  tissue.  In  this  view  of  the 
growth  of  Endogens,  the  trunk  of  such  plants  must  consist  of 
a  series  of  arcs  directed  from  above  inwards,  and  then  from 
within  outwards ;  and  consequently  the  woody  fibres  of  such 
plants,  instead  of  being  parallel  with  each  other,  must  be  inter- 
laced in  infinite  intermixture.  There  are,  however,  some 
difficulties  in  the  way  of  this  theory,  which  we  do  not  find 
adverted  to  by  its  author.  If  M ohl's  view  of  the  structure  of 
Endogens  be  correct,  they  must  after  a  time  lose  the  power  of 
growing,  in  consequence  of  the  whole  of  the  lower  part  of  their 
stems  being  choked  up  by  the  multitude  of  descending  woody 
bundles.    Is  this  the  case  ?   The  lower  part  of  their  bark,  too> 
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miist  be  much  harder,  that  is,  much  more  filled  with  woody 
bundles,  than  the  upper.  Is  that  the  fact?  The  hardness  of 
die  exterior  of  Pahn  stems  cannot  b6  owing  to  the  pressure 
of  new  matter  from  witliin  outwards,  but  to  some  cause 
analogous  to  the  formation  of  heartwood  in  Exogens.  Is  there 
any  proof  that  such  a  cause  is  in  operation  ?  I  mention  these 
things,  not  so  much  from  distrust  of  MohPs  views,  as  from  a 
desire  to  see  the  difficulties  which  seem  to  lie  in  the  way  of 
an  ingenious  theory  satisfactorily  removed. 

The  epidermis  of  an  Endogenous  stem  seems  capable 
of  very  little  distension.  In  many  plants  of  this  kind  the 
diameter  of  the  stem  is  the  same,  or  not  very  widely  different, 
at  the  period  when  it  is  first  formed,  and  when  it  has  arrived 
at  its  greatest  age :  Palms  are,  in  particular,  an  instance  of  this ; 
whence  the  cylindrical  form  that  is  so  common  in  them.  That 
die  increase  in  their  diameter  is  really  inconsiderable,  is 
proved  in  a  curious,  and  at  the  same  time  very  conclusive, 
manner,  by  the  circumstance  of  gigantic  woody  climbing 
plants  sometimes  coiling  round  such  stems,  and  retaining 
them  in  their  embrace  for  many  years,  without  the  stem  thus 
tighdy  wound  round  indicating  in  the  slightest  manner,  by 
swelling  or  otherwise,  that  such  ligatures  inconvenience  it. 
A  specimen^  iDustrative  of  this  is  preserved  in  die  Museum 
of  Natural  History  at  Paris,  and  has  been  figured,  both  by 
Mirbel  in  his  EUmens  (tab.  xix.),  and  De  CandoUe  in  his 
Organographie  (tab.  iv.).  We  know,  firom  the  effect  of  the 
common  Bindweed  upon  the  Exogens  of  our  hedges,  that  the 
embrace  of  a  twining  plant  is,  in  a  single  year,  destructive  of 
the  life  of  every  tiling  that  increases  in  diameter ;  or  at  least 
produces,  above  the  strangled  part,  extensive  swellings,  tliat 
always  end  in  death. 

It  is,  however,  certain  that  other  Endogens  do  increase 
extensively  in  diameter  up  to  a  certain  point;  but  this  is 
effected  with  great  rapidity;  and  the  horizontal  growth  once 
stopped  appears  never  to  be  renewed :  thus,  in  the  Bamboo, 
stems  are  sometimes  found  as  much  as  two  feet  in  circum- 
ference, which  were  originally  not  more  than  half  an  inch  in 
diameter.  Others  would  seem  to  have  an  unlimited  power  of 
distension:   in  the  Dracsenas,  called  in  French  colonies  in 
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Africa  Bois-chandelles,  the  first  shoot  from  the  ground  is  a 
turio  (sucker),  an  inch  in  diameter,  and  perhaps  fifteen  feet 
high;  but  in  time  it  distends  so  much  that  sometimes  two 
men  can  scarcely  embrace  it  in  their  extended  arms.  ( Thau^ 
arsy  Essaisy  p.  3.) 

As  Endogenous  stems  contain  no  concentric  zones,  there  is 
nothing  in  their  internal  structure  to  indicate  age ;  but,  in  the 
opinion  of  some  botanists,  there  are  sometimes  external  cha- 
racters that  will  afford  sufficient  evidence.  It  is  said  that  the 
number  of  external  rings  that  indicate  the  fall  of  leaves  from 
the  trunk  of  the  Palm  tribe  coincides  with  the  number  of 
years  that  the  individual  has  lived.  There  is,  however, 
nothing  like  proof  of  this  at  present  before  the  public ;  such 
statements  must  therefore  be  received  with  great  caution.  It 
may  further  be  remarked,  with  reference  to  this  subject,  that 
in  many  Palms  these  rings  disappear  after  a  certain  number 
of  years. 

In  arborescent  Endogens  it  usually  happens  that  only  one 
terminal  leaf-bud  developes ;  and  in  such  cases  the  stem  is 
cylindrical,  or  very  nearly  so,  as  in  Palms.  If  two  terminal 
leaf-buds  constantly  develope,  the  stem  becomes  dichotomous, 
but  the  branches  are  all  cylindrical,  as  in  Pandanus  and  the 
Doom  Palms  of  Egypt;  but  if  axillary  leaf-buds  are  regularly 
developed,  as  in  the  Asparagus,  Dracaena  Draco,  or  in  arbor- 
escent grasses,  then  the  conical  form  that  prevails  in  fbcogens 
uniformly  exists  in  Endogens  also. 

Besides  the  difference  now  mentioned,  there  is  one  other 
form  of  the  Endogenous  stem  that  it  is  necessary  to  describe ; 
viz.  that  of  Grasses.  In  those  plants  the  stem  is  hollow  ex- 
cept at  the  nodes,  where  transverse  partitions  intercept  the 
cavity,  dividing  it  into  many  cells.  In  the  Bamboo  these  cells 
and -partitions  are  so  large  that,  as  is  well  known,  lengths  of 
that  plant  are  used  as  cases  to  contain  papers. 

But  if  the  gradual  developement  of  a  grass  be  attentively 
observed,  it  will  be  found  that  the  stem  is  originally  solid ; 
that  it  becomes  hollow  in  consequence  of  its  increasing  in 
<fiameter  more  rapidly  than  new  tissue  can  be  formed ;  and 
that,  finally,  in  old  arborescent  stems,  it  again  becomes  solid 
by  the  constant  addition  of  matter  to  its   inside;   so  that 
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its  deviation  from  the  ordinary  characters  of  Endogenous 
structure  is  much  less  considerable  than  it  seems  to  be  at  first 
sight. 

According  to  M ohl,  the  structure  of  an  Ebcogenous  and  an 
Endogenous  stem,  during  the  first  year  of  their  growth,  is  al- 
together the  same ;  but  in  the  second  year  the  wood  and  the 
liber  of  the  former  separate,  and  new  matter  is  then  inter- 
posed; while,  on  the  contrary,  in  Endogens  no  such  separa- 
tion occurs,  and  consequently  the  newly-formed  matter  of  the 
stem  is  forced  towards  the  centre,  through  which  it  passes, 
with  a  constant  tendency,  however,  to  reach  the  outside.  This 
statement  must,  however,  be  received  with  distrust;  because 
any  one  may  satisfy  himself  that  the  new  shoot  of  an  Aspara- 
gus and  of  an  Elder-bush  are  totally  dissimilar. 

Sect.  III.     Of  the  Rooty  or  descending  Axis* 

At  or  about  the  same  time  that  the  ascending  axis  seeks 
the  light  and  becomes  a  stem,  does  the  opposite  extremity  of 
the  seed  or  bud  bury  itself  in  the  earth  and  become  a  root, 
with  a  tendency  downwards  so  powerful,  that  no  known  force 
is  sufficient  to  overcome  it.  Correctly  speaking,  nothing 
can  be  considered  a  root  except  what  has  such  an  origin ;  for 
those  roots  which  are  emitted  by  the  stems  of  plants,  are  in 
reality  the  roots  of  the  buds  above  them,  as  will  be  hereafler 
explained.  Nevertheless,  nothing  is  more  common  than  even 
for  botanists  to  confound  subterranean  stems  or  buds  with 
roots,  as  has  been  already  seen.  (See  Bulb,  Tuber,  Soboles, 
&c  &c.) 

Independently  of  its  origin,  the  root  is  to  be  distinguished 
from  the  stem  by  many  absolute  characters.  In  the  first 
place,  its  ramifications  occur  irregularly,  and  not  with  a  sym- 
metrical arrangement:  they  do  not,  like  branches,  proceed 
from  certain  fixed  points  (buds),  but  are  produced  from  all 
and  any  points  of  the  root.  Secondly,  a  root  has  no  leaf-buds, 
unless  indeed,  as  is  sometimes  the  case,  it  has  the  power  of 
forming  adventitious  ones ;  but,  in  such  a  case,  the  irregular 
manner  in  which  they  are  produced  is  sufficient  evidence  of 
their  nature.     Thirdly,  roots  have  no  scales,  leaves,  or  other 
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appendages ;  neither  do  they  ever  indicate  upon  their  surface, 
by  means  of  scars,  *any  trace  of  such:  all  underground  bodies 
upon  which  scales  have  been  found  are  stems,  whatever  they 
may  have  been  called;  the  only  appendages  roots  ever  have 
are  such  things  as  the  little  hollow  floating  bladders  found  in 
Utricularia.  A  fourth  distinction  between  roots  and  stems  is, 
that  the  former  have  never  any  stomates  upon  their  cuticle ; 
and,  finally,  in  Exogens  the  root  has  never  any  pith.  It  lias 
been  also  said  that  roots  are  always  colourless,  while  stems  are 
always  coloured ;  but  aerial  roots  are  often  green,  and  all  un- 
derground stems  are  colourless. 

The  body  of  die  root  is  sometimes  called  the  caudex  ;  the 
minute  subdivisions  have  been  sometimes  called  radicvles^ — a 
term  that  should  be  confined  to  the  root  in  the  embryo; 
others  name  them^nfo, — a  term  more  generally  adopted; 
while  the  terms  rhizina  and  rhizula  have  been  given  by  Link 
to  the  young  roots  of  mosses  and  lichens. 

A  Jibril  is  a  little  bundle  of  annular  ducts,  or  sometimeis  of 
spiral  vessels,  encased  in  woody  fibre,  and  covered  by  a  lax 
cellular  integument:  it  is  in  direct  communication  widi  the 
vascular  system  of  the  root,  of  which  it  is,  in  fact,  only  a  sub- 
division ;  and  its  apex  consists  of  extremely  lax  cellular  tissue 
and  mucus.  This  apex  has  the  property  of  absorbing  fluid 
with  great  rapidity,  and  has  been  called  by  De  Candolle 
the  SpongioU  or  SpongeleL  It  must  not  be  considered  a  par- 
ticular organ ;  it  is  only  the  newly  formed  and  forming  tender 
tissue.  In  Pandanus  the  spongelets  of  the  aerial  roots  consist 
of  numerous  very  thin  exfoliations  of  the  epidermis,  which 
form  a  sort  of  cup  fit  for  holding  water  in. 

The  proportion  borne  by  the  root  to  the  branches  is  ex- 
tremely variable:  in  some  plants  it  is  nearly  equal  to  them, 
in  others,  as  in  Lucerne,  the  roots  are  many  times  larger  and 
longer  than  the  stems ;  in  all  succulent  plants  and  in  Cucur- 
bitaceae  they  are  much  smaller.  When  the  root  is  divided  into 
a  multitude  of  branches  and  fibres,  it  is  calleAjWrous :  if  the 
fibres  have  occasionally  dilatations  at  short  intervals,  they  are 
called  nodulose.  When  the  main  root  perishes  at  the  extremity, 
it  receives  the  name  oi  prtRmorse^  or  bitten  off:  frequently  it 
consists  of  one  fleshy  elongated  centre  tapering  to  the  ex- 


tFemity,  wlien  it  is  termed ^iut^rm  (or  tap-rooted  by  the  Eng- 
lish, and  pivotoHte  by  the  French) ;  or  it  dilates  immediately 
below  the  surface  of  the  earth  into  a  globose  form,  when  it  is 
named  turmp-$haped,  as  in  the  common  turnip ;  if  it  is  ter- 
minated by  several  distinct  buds,  as  in  some  herbaceous  plants, 
it  is  called  wany-headed  [multicepi). 

The  roots  of  many  plants  are  often  fleshy,  and  composed 
of  lobes,  which  appear  to  serve  as  reservoirs  of  nutriment  to 
the   fibrils  that   accompany   them;  as  in  <3 

many  terrestrial  Orchideous  plants,  Dahlias, 
8tc.     These  must  not  be  confounded  either 
with  tubers  or  bulbs,  aa  they  have  been  by 
some  writers^  but  are  rather  to  be  con- 
sidered a  special  form  of  the  root,  to  which  _^ 
the  name  of  Tubercuka  [Jig.  43.)  would  not   ' 
be  inapplicable.     In  Orchis  the  tubercules 
are  often  palmated  orlobed;  in  the  Dalilia, 
and  many  Asphodeleoe,  they  hang  in  clusters,  or  are  Jasci- 
adated. 

In  internal  structure  the  root  differs  litde  fixini  the  stem, 
except  in  being  often  extremely  fleshy;  its  cellular  system 
being  subject  to  an  unusually  high  degree  of  developement  in 
a  great  many  plants,  as  the  Turnip,  the  Parsnep,  and  other 
edible  roots.  In  Endogens,  tlie  mutual  arrangement  of  the 
cellularandvascularsystemsof  the  root  and  stem  is  absolutely 
the  same;  but  in  Exogens,  there  is  never  any  trace  of  pith  in 
the  root. 

Sect,  IV.  0/ the  Appetidoffei  of  the  Axis. 

From  the  outside  of  the  stem,  but  connected  immediately 
with  its  vascular  system,  arises  a  variety  of  thin  flat  expan- 
sions, arranged  with  great  symmetry,  and  usually  falling  off 
after  having  existed  for  a  few  months.  These  are  called,  col- 
lectively, appendages  of  the  axis;  and,  individually,  scales, 
leaves,  bracts,  flowers,  sexes,  and  fruit.  They  must  not  be 
confounded  with  mere  expansions  of  the  cuticle,  such  as  ra- 
menta,  already  described  (p.  49.),  from  which  they  are  known 
by  having  a  connection  with  the  vascular  system  of  the  axis. 
Till  lately,  botanists  were  accustomed  to  consider  all  these  as 
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essentially  distinct  organs;  but,  since  the  appearance  of  an 
admirable  treatise  by  Goethe  in  1790,  On  the  Metamorphoses 
of  Plants,  proofs  of  their  being  merely  modifications  of  one 
common  type,  the  leaf,  have  been  gradually  discovered ;  so  that 
that  which,  forty  years  ago,  was  considered  as  the  romance  of 
a  poet,  is  now  universally  acknowledged  to  be  an  indisputable 
truth.  It  may,  however,  be  remarked,  that  when  those  who 
first  seized  upon  the  important  but  neglected  facts  out  of 
which  this  theory  has  been  constructed,  asserted  that  all  ap- 
pendages of  the  axis  of  a  plant  are  metamorphosed  leaves, 
more  certainly  was  stated  than  the  evidence  would  justify ; 
for  we  cannot  say  that  an  organ  is  a  metamorphosed  leaf,  when, 
in  point  of  fact,  it  has  never  been  a  leaf.  What  was  meant,  and 
that  which  is  supported  by  the  most  conclusive  evidence,  is, 
that  every  appendage  of  the  axis  is  originally  constructed  of  the 
same  elements,  arranged  upon  a  common  plan,  and  varying  in 
their  manner  of  developement,  not  on  account  of  any  original 
difference  in  structure,  but  on  account  of  especial,  local,  and 
predisposing  causes :  of  this  the  leaf  is  taken  as  the  type, 
because  it  is  the  organ  which  is  most  usually  tlie  result  of  the 
developement  of  those  elements,  — is  that  to  which  the  other 
organs  generally  revert,  when,  from  any  accidental  disturbing 
cause,  they  do  not  sustain  the  appearance  to  which  they  were 
originally  predisposed,  —  and  moreover,  is  that  in  which  we 
have  the  most  complete  state  of  organization. 

It  is  not  my  intention  to  enter  into  much  separate  discussion 
of  this  doctrine ;  proof  of  it  will  be  more  conveniently  ad- 
duced as  the  different  modifications  of  the  appendages  of  the 
axis  come  separately  under  consideration.  The  leaf,  as  the 
first  that  is  formed,  the  most  perfect  of  them  all,  and  that 
which  is  most  constantly  present,  is  properly  considered  the 
type  from  which  all  the  others  are  deviations,  and  is  that 
with  the  structure  of  which  it  is  first  necessary  to  become 
acquainted. 


1.     Of  tlieLeaf. 


The  leaf  is  an  expansion  of  the  bark  at  the  base  of  a  leaf- 
bud,  prior  to  which  it  is  developed.  In  moat  plants  it  cotw 
sists  of  cellular  tissue  filling  up  the  interstices  of  a  net-work 
of  fibres  that  proceed  from  the  stem,  and  ultimately  separating 
from  the  bark  by  an  articulation ;  in  many  Monocotyledonous 
plants.  Ferns,  and  Mosses,  no  articulation  exists,  and  the  base 
of  the  leaf  only  separates  from  its  parent  stem  by  rotting 
away. 

This  difference  of  organisation  has  given  rise  to  a  distinc- 
tion, on  the  part  of  Oken,  between  the  articulated  leaves  of 
Dicotyledons  and  the  inarticulated  leaves  of  Monocotyledons 
and  Acotyledons:  the  former  he  calls  true  leaves,  and  dis- 
tinguishes by  the  name  of  Lavb;  the  latter  he  considers 
foliaceous  dilatations  of  the  stem,  analogous  to  leaves,  and 
calls  £&iH. 

A  leaf  consisU  of  two  parts;  namely,  its  stalk,  which  is 
called  the  riaik  or  petiole  [^fy.  45.  a),  and  its  expanded  surface, 
which  is  called  the  hlade  or  lamina  (Jig.  45.  c,  b,  d):  iu  ordi- 
nary language  the  latter  term  is  not  employed,  but  in  very 
precise  descriptions  it  is  indispensable. 

The  point  where  the  base  of  the  upper  side  of  a  leaf  joins 
the  stem  is  called  the  ajcil ;  any  thing  which  arises  out  of  that 
point  is  said  to  be  axillary.  If  a  branch  or  other  process 
proceeds  from  above  the  axil,  it  is  called  supra-axiUary ;  if 
from  below  it,  infra-axiUartf. 
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The  Bcar  formed  by  the  separation  of  a  leaf  from  its  stem 
is  called  the  cieatricule.  The  withered  remains  of  leaves, 
which,  not  being  articulated  with  the  stem,  cannot  fall  off, 
but  decay  upon  it,  are  called  reliquia  or  induoue  {debris,  Ft.), 
and  the  part  so  covered  is  said  to  be  induviate. 

When  leaves  are  placed  in  pairs  on 
opposite  sides  of  a  stem  {fy.  50.),  and 
on  the  same  plane,  tliey  are  called  op- 
potite:  if  more  than  two  are  opposite, 
they  then  form  what  is  called  a  whot^ 
or  verticiUua  .■  but  if  tliey  arise  at  re- 
gular distances  from  each  other  round 
the  stem,  and  not  from  the  same  plane, 
they  are  tlien  called  altenuite. 

In  plants  having  Exogenous  stems, 
the  first  leaves, — namely,  those  which 
are  present  in  the  embryo  itself  {cotyUdom),  —  are  uni- 
formly opposite ;  but  those  subsequently  developed  are  either 
opposite,  verticillate,  or  alternate  in  different  species :  on  die 
contrary,  in  Endogens,  the  embryo  leaf  is  eidier  soUtary,  or, 
if  there  are  two,  they  are  alternate ;  and  those  subsequently 
developed  are  usually  alternate  also,  but  few  cases  occurring 
in  which  tliey  are  opposite. 

Hence  some  have  formed  an  opinion  that  the  normal  posi- 
tion of  the  leaves  of  Ext^ens  is  opposite,  or  verticillate ;  and 
that  when  the  leaves  are  alternate,  this  arises  from  the  exten- 
sion of  a  node;  while  that  of  Endogens  is  alternate,  tlie  whorls 
being  the  result  of  the  contraction  of  internodes. 

But  it  seems  more  probable  that  the  normal  position  of 
all  leaves  is  alternate,  and  their  position  upon  the  stem  an 
elongated  spiral,  as  is  in  many  cases  exceedingly  apparent, 
as,  for  instance,  in  the  genus  Pinus,  in  Pandanus,  which  ig 
actually  named  Screw-pine,  in  consequence  of  the  resem- 
blance its  slioots  bear  to  a  screw,  and  in  the  Pine  apple ;  the 
Apple,  the  Pear,  the  Willow,  the  Oak,  will  also  be  found  to 
indicate  the  same  arrangement,  which  is  only  less  apparent 
because  of  the  distance  between  the  leaves,  and  the  irregu- 
larity of  their  direction.  li^  in  the  Apple  tree,  for  instance,  a 
line  be  drawn  from  the  base  of  one  leaf  to  the  base  of  anotlier, 
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aiid  the  leaves  be  then  broken  off,  it  will  be  found  that  a  per- 
fectly spiral  line  will  have  been  formed.  Upon  this  supposition, 
opposite  or  whorled  leaves  are  to  be  considered  the  result  of 
a  peculiar  non-developement  of  internodes,  and  the  consequent 
confluence  of  as  many  nodes  as  there  may  be  leaves  in  the 
whorl.  Rhododendron  ponticum  will  furnish  the  student 
with  an  illustration  of  this :  on  many  of  its  branches  some 
of  the  leaves  are  alternate  and  others  opposite ;  and  several 
intermediate  states  between  these  two  will  be  perceivable. 
In  many  plants,  the  leaves  of  which  are  usually  alternate, 
there  is  a  manifest  tendency  to  the  approximation  of  the  nodes^ 
and  consequently  to  an  opposite  arrangement  of  the  leaves,  a9 
in  Solanum  nigrum,  and  many  other  Solaneae*;  while,  on  the 
other  hand,  leaves  that  are  usually  opposite,  separate  their 
nodes  and  become  alternate,  as  in  Erica  mediterranea:  but  this 
is  more  rare. 

The  best  argument  in  support  of  the  hypothesis,  that  all 
whorls  arise  from  the  non-developement  of  internodes  and  con- 
fluence of  nodes,  is,  however,  to  be  derived  from  flowers,  which 
are  several  series  of  whorls,  as  will  be  seen  hereafter.  In 
plants  with  alternate  leaves,  the  flowers  often  change  into 
young  branches,  and  then  the  whorls  of  which  they  consist 
are  broken,  the  nodes  separate,  and  those  parts  that  were 
before  opposite  become  alternate ;  and  in  monstrous  Tulips, 
the  whorls  of  which  the  flower  consists  are  plainly  seen  to 
arise  from  the  gradual  approximation  of  leaves,  which  in  their 
imchanged  state  are  alternate. 

A  most  elaborate  memoir  has  lately  been  produced  by  a 
young  German  named  Braun,  to  prove,  mathematically,  not 
only  that  the  spiral  arrangement  is  that  which  is  everywhere 
visible  in  the  disposition  of  the  appendages  of  the  axis,  but 
that  each  species  is  subject  to  certain  fixed  laws,  under  which 
the  nature  of  the  spires,  and  in  many  cases  their  number, 
are  determined.  The  original  appeared  in  the  Nova  Acta  of 
the  Imperial  Academy  NaturcB  Curiosorum  ;  and  a  very  full 
abstract  of  it  has  been  given  by  Martins,  in  the  first  volume 
of  the  Archives  de  Botanique^  from  which  we  borrow  what 
follows : 

*  Introduclion  to  the  Natural  System  of  Botany,  p.  231. 


92  ORGANOGRAPHY.  BOOK  I. 

The  scales  of  the  fruit  of  Coniferous  plants  are  nothing  but 
pistillary  leaves,  which  do  not  form,  like  the  floral  envelopes  of 
other  plants,  a  complete  cavity  surrounding  the  sexual  organs 
on  all  sides,  but  which  are  slightly  concave,  and  protect  Uiem 
on  one  side  only.  This  point  admitted,  if  we  consider  atten- 
tively the  cone  of  a  Pine,  or  of  a  Spruce  Fir,  we  are  at  once 
led  to  inquire  whether  the  scales  are  arranged  in  spires  or  in 
whorls.  Breaking  through  its  middle  a  cone  of  Pinus  Picea 
(Silver  Fir),  we  remark  three  scales,  which  at  first  sight  ap- 
pear to  be  upon  the  same  plane;  but  a  more  attentive  examin- 
ation shows  that  they  reaUy  originate  at  different  heights,  and, 
moreover,  that  they  are  not  placed  at  equal  distances  from 
each  other;  so  that  we  cannot  consider  them  a  whorl,  but 
only  a  portion  of  a  very  close  spiral.  But,  considering  the 
external  surface  of  the  cone  viewed  as  a  whole,  we  find  that 
the  scales  are  disposed  in  oblique  lines,  which  may  be  studied 
—  1.  As  to  their  composition,  or  the  number  of  scales  requisite 
to  form  one  complete  turn  of  the  spire ;  2d,  As  to  their  tn- 
dination,  or  the  angle,  more  or  less  open,  which  they  form  with 
their  axis ;  dd.  As  to  their  total  number,  and  their  arrange- 
ment round  the  common  axis,  which  constitutes  their  co^rdi-^ 
nation.  Finally,  we  may  endeavour  to  ascertain  whether  the 
spires  turn  firom  right  to  left,  or  vice  verscL 

He  then  proceeds  to  show,  that  the  spiral  arrangement  is 
not  only  universal,  but  subject  to  laws  of  a  very  precise  na- 
ture. The  evidence  upon  which  this  is  founded  is  long  and 
ingenious,  but  would  be  unintelligible  without  the  plates 
which  illustrate  it.  I  must,  therefore,  content  myself  with 
mentioning  the  results.  Setting  out  from  the  Pine  cone  above 
referred  to,  he  found  that  several  series  of  spires  are  dis- 
coverable in  the  arrangement  of  their  scales,  and  that  there 
invariably  exists  between  these  spires  certain  arithmetical 
relations,  which  are  the  expression  of  the  various  combina- 
tions of  a  certain  number  of  elements,  disposed  in  a  regular 
manner.  All  the  spires  depend  upon  the  position  of  a  funda- 
mental series,  from  which  the  others  are  deviations.  The 
nature  of  the  fundamental  series  is  expressed  by  a  fraction,  of 
which  the  numerator  indicates  the  whole  number  of  turns 
required  to  complete  one  spire,  and  the  denominator  the 
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number  of  scales  or  parts  that  constitute  it.  Thus  -fi  indicates 
that  eight  turns  are  made  round  the  axis  before  any  scale  or 
part  is  exactly  vertical  to  that  which  was  first  formed,  and  the 
number  of  scales  or  parts  that  intervene  before  this  coincidence 
takes  place  is  21. 

Tlie  following  are  some  of  the  results  thus  obtained  by 
Braun,  in  studying  the  composition  of  the  spires  of  different 
plants:  — 

i  in  Asarum,  Aristolochia,  Lime  tree,  Vetch,  Pea,  the  spikes 
of  all  grasses. 

i  is  rare  in  Diotyledons,  and  generally  changes  into  more 
complicated  spires.  It  exists  in  Cactus  speciosus,  and  some 
others. 

f  is  the  most  common  of  all,  and  represents  the  quincunx. 
Mezereum,  Lapsana  communis,  Polemonium  coeruleum, 
Potato,  are  examples. 

i  is  also  common,  as  in  the  Bay-tree,  the  Holly,  common 
Aconite,  and  the  tuft  of  radical  leaves  of  Plantago  media* 

-fy  exists  where  the  leaves  are  numerous  and  their  intervals 
small.  Wormwood,  common  Arbutus,  dwarf  Convolvulus,  and 
the  tufls  of  leaves  in  London  Pride  and  Dandelion,  are  in- 
stances. 

-fi  in  Woad,  Plantago  lanceolata,  the  bracts  of  Digitalis 
lanata. 

ii  in  Sempervivum  arboreum,  the  bracts  of  Plantago  media, 
and  of  Protea  argentea. 

1^  was  found  on  an  old  trunk  of  Zamia  horrida,  and  ten 
species  of  Cactus  (coronarius  and  difFormis). 

It  does  not,  however,  appear  that  this  inquiry  has  led  to 
any  thing  beyond  the  establishment  of  the  fact,  that,  beginning 
from  the  cotyledons,  the  whole  of  the  appendages  of  the  axis 
of  plants — leaves,  calyx,  corolla,  stamens,  and  carpels— form 
an  uninterrupted  spire,  governed  by  laws  which  are  nearly 
constant.  No  application  of  the  doctrine  appears  practicable, 
except  to  assist  in  the  distinction  of  species,  for  which  it  would 
be  well  adapted,  if  the  determination  of  the  series  with  the 
requisite  precision  were  less  difficult ;  this  is  shown  in  the  fol- 
lowing instances  of  difference  in  the  fundamental  spire  in 
nearly  allied  species.  » 
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Piiius  pinaster,  yj — sylvestris,  j^J — cenibra,  /, — krix,  ^ 
— microcarpa  ^. 

fietula  alba  and  pubesceiis,  i\  taid  H — fniticosa  gene- 
rally,  -fe. 

Corylus  avellana,  ^ — americana  and  tubulosa,  H  in  tlieir 
male  catkins. 

TTie  whole  of  t)iis  curious  question  lias  been  greatly  aimpli- 
fied  by  Professor  Henslow,  in  observations  printed  some 
months  ago  for  private  circulation ;  and  we  are  happy  to  be 
able,  by  the  permission  of  their  liberal  author,  to  lay  them  in 
this  place  before  the  public. 


"  The  scales  on  a  cone  of  the  Spruce  Fir  ( Abieg  ercelaa)  are 
placed  spirally  round  the  axis,  at  equal  intervals ;  and  after 
eight  coils  of  the  spiral,  the  twenty-second  scale  ranges  verti- 
cally over  the  fii'st.  If  this  arrangement  be  referred  to  a 
cylinder,  and  then  projected  on  a  plane  cutting  its  axis  at 
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riglit  angles,  the  angular  distance  (Divergence)  between  two 
contiguous  scales,  seen  from  the  centre,  is  ^  of  the  circum- 
ference. Hence  the  divergence  of  the  generating  or  primary 
spiral  ^.  The  various  peculiarities  of  the  secondary  spirals 
which  result  from  the  above  arrangement,  may  be  seen  by 
inspecting  fig.  51. 

A.  If  any  figure  in  this  circle  represent  the  divergence  of  a 
spiral,  the  same  will  also  represent  the  number  of  coils  which 
that  spiral  must  make  before  the  twenty-second  scale  upon  it 
comes  vertically  over  the  first. 

B.  The  figures  in  this  circle  (corresponding  to  the  several 
divergencies  in  A.)  show  the  number  of  similar  and  parallel 
spirals  which  must  be  coiled  round  tlie  cylinder,  in  order  that 
every  scale  may  range  upon  them.  • 

The  same  figures  also  indicate  the  height  of  each  spiral — 
viz. :  either  the  comparative  lengths  of  the  vertical  lines  be- 
tween scales  1.  and  22.  or  the  distance  between  two  horizontal 
circles  through  scales  1.  and  2. ;  and,  lastly, 

These  figures  are  the  common  differences  in  the  different 
arithmetic  series  apparent  on  the  consecutive  scales  of  each 
spiral. 

C  is  the  arrangement  of  the  first  twenty-one  scales  on  the 
generating  spiral. 

D  shows  the  number  on  the  scales  which  begin  a  second 
series  of  each  kind  of  spiral,  t.  e.  the  numbers  on  their  twenty- 
second  scales. 

N.  B.  The  number  on  the  scale  which  begins  a  fresh  series 
of  any  spiral  is  found  by  the  formula  (a  +  21  B)  where  (a)  = 
the  number  on  the  scale  beginning  a  former  series  of  the 
spiral,  and  B  the  common  difference  of  the  numbers  on  two 
contiguous  scales* 

Ex.  Gr.  Considering  the  spiral  (Jiff.  52.)  through  the  scales 
1.9. 17.  &c.,  153. 161. 169.  &c.  A.  1st,  Its  divergence  (from  1 
to  9)  is  100 — 20,  and,  2d,  It  must  coil  once  towards  the  left, 
or  twenty  times  towards  the  right  (of  a  spectator  at  the  axis) 
before  it  passes  through  the  twenty-second  scale  upon  it  (viz. 
No.  169.),  which  ranges  vertically  over  the  first.  B.  Ist,  There 
are  seven  other  similar  spirals  parallel  to  it.  2d,  Their  height 
(as  from  1  to  169)  =  eight  times  tlie  height  from  1  to  22; 
and,  3d,  The  common  difference  of  the  numbers  of  the  scales 
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is  also  eight.  Tlie  position  of  the  several  begimiinys  of  the  8 
spirals  (viz.  on  Nos.  1.  to  8.)  is  shown  in  C;  and  in  D  we 
have  the  numbei*s  (169.  106.  43.  &c.)  which  respectively 
begin  tlie  second  series  of  each  spiral. 

To  discover  the  primary  spiral,  we  may  fix  on  any  scale 
as  a  point  of  departure  (No.  1.),  and  then,  by  numbering  the 
scales  on  two  of  the  secondary  spirals  (as  1.  9.  17.  &c.  and 
1.  6.  11.  &c.)  which  proceed  in  opposite  directions,  we  may 
afterwards  very  readily  place  tlie  numbers  on  all  the  scales. 
Hie  easiest  method  of  obtaining  the  common  differences  (viz. 
8  and  5),  for  the  purpose  of  numbering  the  scales  in  tlie  two 
cases  selected,  is  to  draw  a  circle  round  the  cone,  and  count 
the  number  of  each  of  the  two  kinds  of  spirals  intersecting  it 
(which  will  be  8  of  the  first  and  5  of  the  second).  When  a 
secondaiy  spiral  perfects  a  complete  coil  (as  1.  9.  &c.  161. 
169.),  the  number  of  the  spirals  of  the  same  kind  is  readily 
seen;  but  the  former  mode  for  obtaining  this  number  will 
apply  equally  well  to  cases  where  the  cone  is  too  abort  for  the 
coils  to  be  completed." 

In  their  normal  state  leaves  are  obviously  distinct,  both  from 
each  other  and  from  the  stem.  But,  in  some  cases,  adhesions 
of  various  kinds  occur,  and  give  them  a  new  character.  Thus, 
in  Cardui,  and  many  other  thistle-like  plants,  the  elongated 
bases  of  the  leaves  adhere  to  the  stem,  and  become  what  is 
called  decurrent.  In  Bupleurum  perfbliatum  the  lobes  of  the 
base  of  the  leaf  not  only  cohere  with  the  stem,  but,  projecting 
beyond  it,  grow  together,  so  as  to  resemble  a  leaf  through 
which  the  stem  has  pierced:  this  is  called  being  perfoliate. 
Frequently  two  opposite  leaves  grow  together  at  the  base,  as 
in  Caprifolium  perfoliatum;  to  this  modification  the  latter 
term  is  oflen  also  applied,  but  that  of  connate  is  what  more 
properly  belongs  to  it. 

The  anatomical  structure  of  the  leaf  is  this  :  —  From  the 
medul  ary  sheath  diverges  a  bundle  of  woody  tissue,  accom- 
panied by  spiral  vessels :  this  passes  through  the  bark,  and 
proceeds,  at  an  angle  more  or  less  acute,  to  a  determinate 
distance  from  the  stem,  branching  off  at  intervals,  and,  by 
numerous  ramifications,  forming  a  kind  of  network.  At  the 
point  of  the  stem  whence  the  bundle  of  fibro-vascular  tissue 
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issues,  the  cellular  tissue  of  the  bark  also  diverges,  accom- 
panying the  fibro-vascular  tissue,  expanding  with  its  ramifi- 
cations, and  filling  up  their  interstices.  The  tissue  that 
proceeds  from  the  medullary  sheath,  after  having  passed  from 
the  origui  of  the  leaf  to  its  extremity,  doubles  back  upon 
itself,  forming  underneath  the  first  a  new  layer  of  fibre, 
which,  upon  its  return,  converges  just  as  the  first  layer 
diverged,  at  length  combining  into  a  single  bundle,  corre- 
sponding in  bulk  and  position  to  that  which  first  emerged, 
and  finally  dischargmg  itself  into  the  liber.  If,  therefore,  a 
section  of  the  leaf  and  stem  be  carefiilly  made  at  a  nodus,  it 
will  be  found  that  the  bundle  of  woody  tissue  which  forms  the 
frame-work  of  the  leaf  communicates  above  with  tlie  medullary 
sheath,  and  below  with  the  liber.  This  is  easily  seen  in  the 
spring,  when  the  leaves  are  young;  but  is  not  so  visible  in 
the  autumn,  when  their  existence  is  drawing  to  a  close.  The 
double  layer  of  fibrovascular  tissue  is  also  perceptible  in  a  leaf 
which  has  laid  duriiig  the  winter  in  some  damp  ditch,  where 
its  cellular  substance  has  decayed,  so  that  the  cohesion  between 
the  upper  and  lower  layers  is  destroyed :  they  can  then  be 
easily  separated.  The  curious  Indian  leaves  which  have  the 
property  of  opening,  upon  slight  violence,  like  the  leg  of 
a  silk  stocking,  so  that  the  hand  may  be  thrust  between 
their  upper  and  lower  surfaces,  derive  that  singular  separa- 
.bility  from  an  imperfect  union  between  the  layer  of  excurrent 
and  recurrent  fibre.  De  CandoUe  remarks,  that,  when  the 
fibres  expand  to  form  the  limb  of  a  leaf,  they  may  (whether 
this  phenomenon  occurs  at  the  extremity  of  a  petiole,  or  at 
the  point  of  separation  from  the  stem)  do  so  after  two  different 
systems :  they  may  either  constantly  preserve  the  same  plane, 
when  common  flat  leaves  are  formed ;  or  they  may  expand  in 
any  direction,  when  cylindrical  or  swollen  or  triangular  leaves 
are  the  result.     (Orgcaiogr. p.  270.) 

The  cellular  tissue  of  which  the  rest  of  the  leaf  is  composed 
is  parenchyma,  which  Link  then  calls  diachyma^  or  that  im- 
mediately beneath  the  two  surfaces  cortex^  and  the  intermediate 
substance  diploe.  De  Candolle  calls  these  two,  taken  to- 
gether, the  inesophyUum,  The  whole  is  protected,  in  leaves 
exposed  to  air,  by  a  coating  of  cuticle,  furnished  with  stoma- 
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tes;  but  in  submersed  leaves  ttie  parenchyma  is  naked,  no 
cuticle  overlaying  it. 

llie  general  nature  of  the  parenchymatous  part  of  leaves 
has  been  very  well  explained,  both  by  Link  and  others,  and 
figured  by  Mold,  firstly  in  1828  ( Uber  die  Poren  des  Pflanzenr 
zellgewebes,  tab.  i.  fig.  4,  &c.),  and  afterwards  in  his  very  ela- 
borate enquiry  into  the  Anatomy  of  Palms.  But  the  most 
complete  account  is  that  of  Adolphe  Brongniart,  in  1830 
(Annales  des  Sc.^  vol.  xxi.  p.  420.),  of  which  the  principal 
part  of  what  follows  is  an  abstract. 

The  cuticle  is  a  layer  of  bladders  adhering  firmly  to  each 
otlier,  and  sometimes  but  slightly  to  the  subjacent  tissue,  from 
which  they  are  entirely  different  in  form  and  nature :  in  form, 
for  the  cellules  are  depressed,  and,  in  consequence  of  the  variety 
of  outline  that  tliey  present,  form  meshes  either  regular  or 
irregular ;  and  in  nature,  because  these  bladders  are  perfectly 
transparent,  colourless,  and  probably  filled  with  air, — for  the 
manner  in  which  light  passes  through  them  proves  tliat  they 
do  not  contain  dense  fluid.  They  scarcely  ever  contain  any 
organic  particles,  and  are  probably  but  little  permeable  either 
to  fluids  or  gaseous  matter;  while,  on  the  otiier  hand,  the 
bladders  of  the  subjacent  parenchyma  are  filled  with  the  green 
substance  that  determines  the  colour  of  the  leaf.  The  cuticle 
is  not  always  formed  of  a  single  layer  of  bladders,  but  in  some 
cases  consists  of  two,  or  even  three.  No  trace  whatever  is 
discoverable  of  vessels  either  terminating  in  or  beneath  the 
cuticle ;  Brongniart  states  this  most  explicidy,  and  my  own 
observations  are  entirely  in  accordance  with  his :  an  opinion, 
therefore,  which  some  botanists  have  entertained,  that  spiral 
vessels  terminate  in  the  stomates  (D.  C.  Orgcmogr.  p.  272, 
&C.),  must  hereafter  be  abandoned.^  At  the  margin  of  a  leaf 
the  cuticle  is  generally  harder  dian  elsewhere,  and  sometimes 
becomes  so  indurated  as  to  assume  a  flinty  texture,  as  in  the 
Aloe,  and  many  other  plants. 

Stomates  (p.  39,)  are  found  upon  various  parts  of  the  cu- 
ticle :  in  some  plants  only  on  that  of  the  under  side  of  leaves, 
in  others  on  the  upper  also ;  in  floating  leaves  upon  the  latter 
only.  When  leaves  are  so  turned  that  their  margins  are 
directed  towards  the  earth  and  the  heavens,  the  two  faces  are 
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then  alike  in  appearance,  and  are  both  equally  furnished  with 
stomates.  In  succulent  leaves  they  are  said  to  be  either  alto- 
gether absent  or  very  rare ;  but  this  is  not  exactly  the  fact. 
They  are  fewer  and  smaller,  and  perhaps  more  imperfect,  in 
succulent  than  in  other  parts,  but  by  no  means  absent.  Ac- 
cording to  the  observations  of  De  Candolle  (Organoyr.  p.  272.), 
they  are,  in  the  Orange  and  the  Mesembrj'anthemum,  as  ten 
in  the  former  to  one  in  the  latter. 

I  have  remarked  {Bot  Reg.  1540.)  the  singular  fact,  that 
certain  plants  have  the  power  of  forming  stomates  on  the 
upper  surface  of  their  leaves,  if  from  any  cause  their  leaves 
are  inverted.  Thus  the  stomates  are  usually  upon  the 'under 
side  of  leaves,  where  also  the  veins  are  more  prominent,  and 
hairs  appear  exclusively,  if  hairs  are  found  upon  only  one 
of  the  two  surfaces.  In  Alstromeria  that  side  of  the  leaves 
which  is  organically  the  undermost  becomes,  in  consequence 
of  a  twist  in  the  petiole,  the  uppermost,  and  that  side  which  is 
born  uppermost  is  turned  undermost;  and  then  the  organic 
underside,  being  turned  uppermost,  has  no  stomates;  while 
the  organic  upper  side,  being  turned  downwards,  although  un- 
der other  circumstances  it  would  have  neither  stomates,  hairs, 
nor  elevated  veins,  acquires  all  those  characters  in  consequence 

of  its  inversion.     A  very  curious  observation,  in  connection 

» 

with  this  subject,  has  been  made  by  Mirbel,  in  his  memoir 
upon  the  structure  of  Marchantia  polymorpha. 

The  young  bulbs  by  which  this  plant  is  multiplied  are  ori- 
ginally so  homogeneous  in  structure,  tliat  there  is  no  apparent 
character  in  their  organisation  to  show  which  of  their  faces  is 
destined  to  become  the  upper  surface,  and  which  the  under. 
For  the  purpose  of  ascertaining  whether  there  existed  any 
natural  but  invisible  predisposition  in  the  two  faces  to  undergo 
the  changes  which  subsequently  become  so  apparent,  and  by 
means  of  whiefa  tiieir  respective  functions  are  performed,  or 
whether  the  tendency  is  given  by  some  cause  posterior  to  their 
first  creation,  the  following  experiments  were  instituted:  — 
Five  bulbs  were  sown  upon  powdered  sandstone,  and  it  was 
found  that  the  face  which  touched  the  sandstone  produced 
roots,  and  the  opposite  hjce  formed  stomates.  It  was,  how- 
ever, possible  that  the  five  bulbs  might  have  all  accidentally 
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fallen  upon  the  face  which  was  predisposed  to  emit  roots; 
other  experiments  of  the  same  kind  were  therefore  tried,  first 
with  eighty,  and  afterwards  with  hundreds  of  little  bulbs,  — 
and  the  result  was  the  same  as  with  the  five.  This  proved 
that  either  face  was  originally  adapted  for  producing  either 
roots  or  stomates,  and  that  the  tendency  was  determined 
merely  by  the  position  in  which  the  sur&ces  were  placed. 
The  next  point  to  ascertain  was,  whether  the  tendency  once 
given  could  be  afterwards  altered.  Some  little  bulbs,  that  had 
been  growing  for  twenty-four  hours  only,  had  emitted  roots ; 
they  were  turned,  so  that  the  upper  surface  touched  the  soil, 
and  the  under  was  exposed  to  light.  In  twenty-four  hours 
more  tlie  two  faces  had  both  produced  roots :  that  which  had 
originally  been  the  under  surface  went  on  pushing  out  new 
roots ;  that  which  had  originally  been  the  upper  surface  had 
also  produced  roots :  but  in  a  few  days  the  sides  of  the  young 
plants  began  to  rise  from  tlie  soil,  became  erect,  turned  over, 
and  finally  recovered  in  this  way  their  original  position,  and 
the  face  which  had  originally  been  the  uppermost  immediately 
became  covered  with  stomates.  It,  therefore,  appears  that, 
the  impulse  once  given,  the  predisposition  to  assume  particular 
appearances  or  functions  is  absolutely  fixed,  and  will  not 
change  in  the  ordinary  course  of  nature.  This  is  a  &ct  of 
very  high  interest  for  those  who  are  occupied  with  researches 
into  the  causes  of  what  is  called  vegetable  metamorphosis. 

The  parenchyma  is,  if  casually  examined,  or  even  if  viewed 
in  slices  of  too  great  thickness,  apparently  composed  of  heaps 
of  small  green  bladders,  arranged  with  little  order  or  r^u- 
larity ;  but,  if  very  thin  slices  are  taken  and  viewed  with  a 
high  magnifying  power,  it  will  be  seen  that  nothing  can  be 
more  perfect  than  the  plan  upon  which  the  whole  structure  is 
contrived,  and  that,  instead  of  disorder,  the  most  wise  order 
pervades  the  whole.  Upon  this  subject  I  extract  the  words 
of  Adolphe  Brongniart :  —  "  There  exists  beneath  the  upper 
cuticle  two  or  three  layers  of  oblong  blunt  vesicles,  placed  per- 
pendicular to  the  surface  of  the  leaf,  and  generally  much  less 
in  diameter  than  the  bladdei*s  of  the  cuticle ;  so  that  they  are 
easily  seen  through  it.  These  vesicles,  which  appear  specially 
destine<i  to  give  solidity  to  the  parenchyma  of  the  leaf,  have 
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no  Other  intervals  than  the  little  spaces  that  result  from  the 
contact  of  this  sort  of.  cylinder :  nevertheless,  in  plants  that 
have  stomates  on  the  upper  surface  of  their  leaves,  as  is  the 
case  in  Ynost  herbaceous  plants,  and  in  such  as  float  on  the 
surface  of  water,  there  exists  here  and  there  among  the  vesicles 
some  large  spaces,  through  which  the  stomates  communicate 
with  the  interior  of  the  leaf. 

This  parenchyma  is  entirely  different  from  what  is  found 
beneath  the  cuticle  of  the  lower  side.  There,  instead  of  con- 
sisting of  r^ular  cylindrical  vesicles,  it  is  composed  of  irre- 
gular ones,  oflen  having  two  or  three  branches,  which  unite 
with  the  limbs  of  the  vesicles  next  them,  and  so  form  a  reticu- 
lated parenchyma;  the  spaces  between  whose  vesicles  are 
much  larger  than  the  vesicles  themselves. 

It  is  this  reticulated  tissue,  with  large  spaces  in  it  (to  which 
the  name  of  cavernous  or  spongy  parenchyma  might  not  im- 
properly be  applied),  that,  in  most  cases,  occupies  at  least 
half  the  thickness  of  the  leaves  between  the  veins.  The 
arrangement  of  the  vesicles  is  very  obvious  if  the  lower  cuticle 
of  certain  leaves  be  lifted  up  with  the  layer  of  parenchyma 
that  is  applied  against  it;  it  may  then  be  seen  that  these 
anastomosing  vesicles  form  a  net  with  large  meshes — a  sort  of 
grating — inside  the  cuticle.  It  must  not,  however,  be  supposed 
tliat  this  structure,  which  I  have  remarked  in  several  ferns, 
and  in  a  great  many  dicotyledonous  plants,  is  without  excep- 
tion. In  many  monocotyledonous  and  succulent  plants  we 
have  some  remarkable  modifications  of  this  structure.  Thus, 
in  tlie  Lily,  and  several  plants  of  the  same  family,  the  vesicles 
of  parenchyma  that  are  in  contact  with  the  lower  cuticle  are 
lengthened  out,  sinuous,  and  toothed,  as  it  were,  at  the  sides : 
these  projections  join  those  of  the  contiguous  vesicle ;  and  a 
number  of  cavities  is  the  consequence,  which  render  this  sort 
of  parenchyma  permeable  to  air.  An  analogous  arrangement 
exists  in  the  lower  parenchyma  of  Gralega.  In  the  Iris,  there 
is  scarcely  any  space  between  the  oblong  and  polyedral  vesi- 
cles which  form  the  parenchyma ;  but  it  is  remarked,  that  the 
subjacent  parenchyma  is  wanting  at  every  point  where  the 
cuticle  is  pierced  by  a  stomate.  In  such  succulent  plants  as  I 
have  examined,  tlie  spaces  between  the  cellules  of  parenchyma 
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are  very  small ;  but,  nevertheless,  here  and  there,  there  are 
often  larger  cavities,  which  eitlier  correspond  du'ectly  with 
the  stomates,  or  are  in  communication  with  them.  The  same 
thing  happens  in  plants  with  floating  leaves,  where  the  stomates 
placed  on  the  upper  surface  correspond  with  the  layer  of  the 
cylindrical  and  parallel  vesicles ;  in  such  case  there  are,  here 
and  there,  between  these  vesicles,  empty  spaces  which  almost 
always  correspond  to  the  points  where  the  stomates  exist,  and 
which  permit  the  air  to  penetrate  between  the  vesicles  as  far 
as  the  middle  of  the  parenchyma  of  the  leaf." 

Thus  much  Adolphe  Brongniart;  who  adds,  that  in  sub- 
mersed leaves  there  is  no  cuticle,  but  the  whole  consists  of 
solid  parenchyma  alone,  in  which  there  are  no  other  cavities 
than  such  as  are  necessary  to  float  the  leaves.  The  obser- 
vations of  Mohl  and  Meyen  generally  confirm  this ;  but,  at 
the  same  time,  the  latter  mentions  several  cases  in  which  the 
texture  of  the  leaf  has  been  found  to  be  nearly  the  same 
throughout. 

Dutrochet  states  in  addition  (Ajin.  des  Sc,y  xxv.  245.)  that 
the  interior  of  a  leaf  is  divided  completely  by  a  number  of  par- 
titions, covered  by  the  ribs  and  principal  veins,  so  that  the  air 
cavities  have  not  actually  a  free  communication  in  every 
direction  through  the  parenchyma;  but  are,  to  a  certain 
extent,  cut  off  from  each  other.  This  is  conformable  to  what 
Mirbel  has  described  in  Marchantia, where  the  leafy  expansions 
are  separated  by  partitions  into  chambers,  between  which,  he 
is  of  opinion,  there  is  no  other  communication  than  what 
results  from  the  permeability  of  the  tissue. 

The  veins,  being  elongations  of  the  medullary  sheath,  neces- 
sarily consist  of  woody  tissue  and  spiral  vessels,  to  which  are 
sometimes  added  annular  ducts.  In  submersed  leaves  spiral 
vessels  are  oflen  wanting,  the  veins  consisting  of  nothing  but 
woody  tissue.  In  these  veins  Schultz  finds  what  he  calls 
vessels  of  the  latexy  or  of  the  nutritive  fluid ;  concerning  the 
probable  nature  of  which  see  p.  31. 

Such  are  the  general  anatomical  characters  of  leaves ;  but 
it  must  be  borne  in  mind,  that,  in  different  species,  they 
undergo  a  variety  of  remarkable  modifications.  These  arise 
either  from  the  addition  of  parenchyma  when  leaves  become 
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succulent,  or  from  the  non-developement  of  it  when  they 
become  membranous,  or  from  the  total  suppression  of  it,  and 
even  of  the  veins  also  in  great  part,  as  in  those  which  are 
called  ramentaceaus,  such  as  the  primordial  leaves  of  the 
genus  Pinus. 

I  have  dwelt  thus  much  at  length  upon  the  structure  of  the 
leaf,  because  it  is  by  far  the  most  important  part  of  a  plant, 
and  that  of  which  the  functions  are  the  best  ascertained.  Let 
us  next  turn  our  attention  to  the  modifications  of  the  leaf. 

It  has  already  been  seen  that  a  leaf  may  consist  of  two 
distinct  parts ;  the  petiole,  or  stalk,  and  the  lamina,  or  blade : 
both  of  these  demand  separate  consideration. 

The  BLADE,  lamina,  or  limhus,  as  it  is  called  by  some,  is 
subject  to  many  diversities  of  figure  and  division ;  most  com- 
monly it  forms  an  approach  to  oval,  being  longer  than  broad. 
That  extremity  of  the  blade  which  is  next  the  stem  is 
called  its  base  ;  the  opposite  extremity,  its  apex  ;  and  the  line 
representing  its  two  edges,  the  margin  or  circumscription. 

If  the  blade  consists  of  one  piece  only,  the  leaf  is  said  to 
be  simple,  whatever  may  be  the  depth  of  its  divisions :  thus, 
the  entire  blade  of  Box,  the  serrated  blade  of  the  Apple,  the 
toothed  blade  of  Coltsfoot,  the  runcinate  blade  of  Taraxacum, 
the  pinnatifid  blade  of  Hawthorn  (which  is  often  divided 
almost  to  its  very  midrib),  are  all  considered  to  belong 
to  the  class  of  simple  leaves.  But  if  the  petiole  branches 
out,  separating  the  cellular  tissue  into  more  than  one  distinct 
portion,  each  forming  a  perfect  blade  by  itself,  such  a  leaf  is 
often  said  to  be  compound,  whether  the  divisions  be  two,  as  in 
the  conjugate  leaf  of  Zygophyllum,  or  indefinite  in  number, 
as  in  the  many  varieties  of  pinnated  leaves.  Nevertheless,  a 
more  accurate  notion  of  a  compound  leaf  is  found  to  consist 
in  its  divisions  being  articulated  with  the  petiole,  by  which  it 
is  much  better  distinguished  from  the  simple  leaf  than  by  the 
number  of  its  divisions.  Thus,  the  pinnated  leaf  of  a  Ziimia, 
and  the  pedate  leaf  of  an  Arum,  both  in  this  sense  belong  to 
the  class  of  simple  leaves ;  while  the  solitary  blade  of  the 
Orange,  the  common  Barberry,  &c.  are  referable  to  the  class 
of  compound  leaves.  This  distinction  is  of  some  importance 
to  the  student  of  natural  affinities;  for,  while  division,  of 
whatever  degree  it  may  be,  may  be  expected  to  occur  in 
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different  species  of  the  same  genus  or  order  (provided  there 
is  no  articulation ),  it  rarely  happens  that  truly  compound 
leaves  —  that  is  to  say,  such  as  are  articulated  with  their 
petiole — ^are  found  in  the  same  natural  assemblage  with 
those  in  which  no  articulation  exists.  Alphonse  De  CandoUe 
remarks,  indeed,  and  with  perfect  justice,  that  in  Gleditschia, 
whose  leaves  are  mostly  compound,  we  find  some  leaves  with 
their  leaflets  united,  and  therefore  not  articulated  with  their 
midrib;  but  this  is  a  special  case,  and  can  hardly  be  con- 
sidered to  invalidate  a  general  law. 

In  speaking  of  the  surface  of  a  leaf  it  is  customary  to  make  use 
of  the  word  pagiruu  -  Thus,  the  upper  surface  is  called  pagina 
superior;  the  lower  surface,  pagina  inferior.  The  upper  surface 
is  more  shining  and  compact  than  the  under,  and  less  generally 
clothed  with  hairs ;  its  veins  are  sunken  ;  while  those  of  the 
lower  surface  are  usually  prominent.  The  cuticle  readily 
separates  from  the  lower  surface,  but  with  difficulty  from  the 
upper.  There  are  frequently  hairs  upon  the  under  surface 
while  the  upper  is  perfectly  smooth ;  but  there  is  scarcely  any 
instance  of  the  upper  surface  being  hairy  while  the  lower  is 
smooth. 

The  ramifications  of  the  petiole  among  the  cellular  tissue  of 
the  leaf  are  called  veins^  and  the  manner  of  their  distribution 
is  termed  venation.  This  influences  in  a  great  degree  the 
figure  and  general  appearance  of  tlie  foliage,  and  requires  a 
more  careful  consideration  than  it  generally  receives  in  ele- 
mentary works. 

The  vein  which  forms  a  continuation  of  the  petiole  and  the 
axis  of  the  leaf  is  called  tlie  midrib  or  costa :  from  this  all  the 
rest  diverge,  either  from  its  sides  or  base.  If  other  veins 
similar  to  the  midrib  pass  from  the  base  to  the  apex*of  a  leaf, 
such  veins  have  been  named  nerves  ;  and  a  leaf  with  such  an 
arrangement  of  its  veins  has  been  called  a  Jierved  leaf.  If  the 
veins  diverge  from  the  midrib  towards  the  margin,  ramifying 
as  they  proceed,  such  a  leaf  has  been  called  a  venous  or  reticu- 
lated leaf.  This  is  the  sense  in  which  these  terms  were  used 
by  Linnaeus ;  but  Link  and  some  others  depart  from  so  strict 
an  application  of  them,  calling  all  the  veins  of  a  plant  nerves, 
whatever  may  be  their  origin  or  direction. 

Till  within  a  few  vears  the  distribution  of  veins  in  the  leaf 
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had  not  received  much  attention ;  the  terms  just  mentioned 
had  been  contrived  to  express  certain  of  the  most  striking 
forms  of  venation ;  but  the  application  of  these  was  far  from 
being  sufficiently  precise.  Many  improvements  have  been  pro- 
posed by  modem  botanists ;  it  however  appears  to  me  that  the 
whole  nomenclature  of  venation  is  essentially  defective,  and 
requires  complete  revision.  My  ideas  upon  this  subject  have 
been  already  laid  before  the  public  in  the  Botanical  Register 
for  Sept.  1826,  page  1004.;  and,  as  I  am  not  aware  that  any 
objection  to  them  has  yet  been  taken,  I  shall  repeat  tliem  here, 
in  a  form  better  adapted  to  an  elementary  work  than  tliat 
under  which  they  first  appeared. 

The  objections  that  I  take  to  the  present  modes  of  distin- 
guishing veins  are  these :  —  1st,  That  the  veins  are  very  im- 
properly, as  I  think,  called  nerves,  either  in  all  cases,  as  by 
Link,  which  is  bad,  or  in  certain  cases  only,  when  they  have 
a  particular  size  or  direction,  as  by  Linnaeus  and  his  followers, 
which  is  worse.  Nothing  is  more  destructive  of  accurate 
ideas  in  natural  history  than  giving  names  well  understood  in 
one  kingdom  of  nature  to  organs  in  another  kingdom  of  an 
entirely  different  kind,  unless  it  is  the,  perhaps,  more  repre* 
hensible  practice  of  giving  two  names  conveying  totally  differ- 
ent ideas  to  the  same  organ  in  the  same  kingdom  of  nature. 
Thus,  when  the  veins  of  a  plant  are  termed  nerves,  it  is  neces- 
sarily understood  that  they  exercise  functions  of  a  similar 
nature  to  those  of  the  nerves  of  animals :  if  otherwise,  why  are 
they  so  called  ?  But  they  exercise  no  such  functions,  being, 
beyond  all  doubt,  mere  channels  for  the  transmission  of  fluid. 
Again,  if  one  portion  of  the  skeleton  of  a  leaf  is  called  a  vein, 
and  another  portion  a  nerve,  this  apparently  precise  mode  of 
speaking*  leads  yet  more  strongly  to  the  belief,  that  the  struc- 
ture and  function  of  those  two  parts  are  as  widely  different  as 
the  structure  and  function  of  a  vein  and  a  nerve  in  the  animal 
economy ;  else  why  should  such  nice  caution  be  taken  to  dis- 
tinguish them  ?  But  it  must  be  confessed  that  there  is  no 
difference  whatever,  except  in  size,  between  the  veins  and 
nerves  of  a  leaf.  Let  us,  then,  abandon  a  term  which  is  one  of 
those  relics  of  a  barbarous  age  which  it  is  the  duty  of  modem 
science  to  expel. 

My  second  objection  applies  to  the  vague  manner  in  which 
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the  veins  of  leaves  are  at  present  described;  whence  it  hap- 
pens that  no  precise  idea  can  be  attached  to  the  different  terms 
that  have  been  contrived  to  designate  particular  forms  of  , 
venation. 

A  third  objection  is  this,— that,  while  slight  modifications 
in  the  arrangement  of  the  veins  have  received  distinctive 
names,  others  of  much  greater  importance,  and  of  a  more  de- 
cided character,  have  received  no  distinctive  appellation  what- 
ever. For  these  reasons,  the  practical  weight  of  which  I  have 
long  experienced,  it  has  occurred  to  me  that  the  following 
changes  in  the  language  used  in  speaking  of  venation  will  be 
found  better,  at  least,  than  that  for  which  they  are  substituted, 
if  they  are  not  entirely  what  could  be  desired. 

'  It  has  been  usual  to  call  that  bundle  of  vessels  only  which 
passes  directly  from  the  base  to  the  ^>ex  of  a  leaf  the  rib  or  eoHa, 
or  midrib.  This  term  I  would  extend  to  all  main  veins  which 
proceed  directly  from  the  base  to  the  apex,  or  to  the  points  of 
the  lobes.  Tliere  is  no  difference  in  size  in  these  ribs ;  and 
in  lobed  leaves,  which  may  be  understood  as  simple  leaves, 
approaching  composition,  each  rib  has  its  own  particular  set 
of  veins. 


The  midrib  (^.53.7)sendsforth,  alternately  right  and  left 
along  its  whole  length,  ramifications  of  less  dimensions  than 
itself,  but  more  nearly  approaching  it  than  any  other  veins : 
these  I  would  call  primary  veins  [Jig.  53.  3).  They  diverge 
from  the  midrib  nt  various  angles,  and  pass  to  the  margin  of 
the  leaf,  curving  towards  the  apex  in  their  course,  and  finally, 
at  some  distance  within  tbe  margin,  forming  what  is  called  an 
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anastomosis,  or  junction,  with  the  back  of  the  primary  vein, 
which  lies  next  them.  That  part  of  the  primary  vein  whicli 
is  between  the  junctions  thus  described,  having  a  cur\'ed  di- 
rection, may  be  called  tlie  curved  veiru  Between  this  latter 
and  the  margin,  other  veins,  proceeding  from  the  curved  veins, 
with  the  same  curved  direction,  and  of  the  same  magnitude, 
occasionally  intervene :  they  may  be  distinguished  by  the  name 
of  exterrud  veins  {fig.  53.  1).  The  margin  itself  and  these 
last  are  connected  by  a  fine  net-work  of  minute  veins,  which 
I  would  distinguish  by  the  name  of  marginal  veinlets.  From 
the  midrib  are  generally  produced,  at  right  angles  with  it,  and 
alternate  with  the  primary  veins,  smaller  veins;  which  may 
not  improperly  be  named  costal  veins  (fig,  53.  6).  The  pri- 
mary veins  are  themselves  connected  by  fine  veins,  which 
anastomose  in  the  area  between  them.  These  veins,  when  they 
immediately  leave  the  primary  veins,  I  call  proper  veirdets 
(fig.  53.  4) ;  and  where  they  anastomose,  common  veinlets. 
The  area  of  parenchyma,  lying  between  two  or  more  veins  or 
veinlets,  I  name  with  the  old  botanists  irdervenium. 

These  distinctions  may  to  some  appear  over-refined ;  but  I 
am  convinced  that  no  one  can  very  precisely  describe  a  leaf 
without  the  use  either  of  them,  or  of  equivalent  terms  yet  to 
be  invented.  Upon  these  principles  leaves  may  be  con- 
veniently divided  into  the  following  kinds: — 

1.  Veinless  (avenium)^  when  no  veins  at  all  are  formed, 
except  a  slight  approach  to  a  midrib,  as  in  Mosses,  Fuci,  &c. 
Leaves  of  this  description  exist  only  in  the  lowest  tribes  of 
foliaceous  plants,  and  must  not  be  confounded  with  the  fleshy 
or  thickened  leaves  common  among  the  higher  orders  of 
vegetation,  in  which  the  veins  are  by  no  means  absent,  but 
only  concealed  within  the  substance  of  the  parenchyma.  (See 
No.  10.)     Of  this  De  CandoUe  has  two  forms,  —  first,   his 

fi^lia  ntdlinervioy  in  which  there  is  not  even  a  trace  of  a 
midrib,  as  in  Uha;  and  second,  hh  folia  faUinervia^  in  which 
a  trace  of  a  midrib  is  perceptible.  These  terms  appear  to  me 
unnecessary;  but,  if  they  be  employed,  the  termination  tiervia 
must  be  changed  to  venia. 

2.  Equal'Veined  ((Bqualivenium)^  when  the  midrib  is  per- 
fectly formed,  and  the  veins  are  «'ill  of  equal  size,  as  in  Ferns. 


CHAP.  II.  LEAVES.  109 

This  kind  of  leaf  has  not  been  before  distinguished:  it  may 
be  considered  intermediate  between  those  without  veins  and 
those  in  which  primary  veins  are  first  apparent.  The  veins 
are  equal  in  power  to  the  proper  veinlets  of  leaves  of  a  higher 
class. 

3.  Straight-veined  (rectivenium).  In  this  the  veins  are  en- 
tirely primary,  generally  very  much  attenuated,  and  arising 
from  towards  the  base  of  the  midrib,  with  which  tliey  lie 
nearly  parallel:  they  are  connected  by  proper  veinlets;  but 
there  are  no  common  veinlets.  The  leaves  of  Grasses  and  of 
Palms  and  Orchideous  plants  are  of  this  nature.  This  form 
has  been  called  by  Link  paralleli  and  convergenti'-nervosum^ 
according  to  the  degree  of  parallelism  of  tlie  primary  veins; 
and  to  these  two  he  has  added  what  he  calls  ventdoso-nervosum, 
when  the  primary  veins  are  connected  by  proper  veinlets: 
but  as  this  is  always  so,  although  it  is  not  in  all  cases  equally 
apparent,  the  term  is  superfluous.  Ach.  Richard  calls  this 
form  laterijiervium^  and  De  Candolle  rectinervium ;  from  which 
I  do  not  find  it  advisable  to  distinguish  his.  ruptinervitmi^ 
which  indicates  the  straight-veined  leaf,  when  the  veins  are 
thickened  and  indurated,  as  in  the  Palm  tribe. 

4.  Curve-veined  (curvivenium).  This  is  a  particular  modifi- 
cation of  the  last  form,  in  which  the  primary  veins  are  also 
parallel,  simple,  and  connected  by  unbranched  proper  vein- 
lets  ;  do  not  pass  from  near  the  base  to  the  apex  of  the  leaf^ 
but  diverge  from  the  midrib  along  its  whole  length,  and  lose 
themselves  in  the  margin.  This  is  the  folittm  hinoideum 
and  venuloso-hinoidetim  of  Link,  the  f.  penninervium  of  A. 
Richard,  and  the  f.  curvinemium  of  De  Candolle.  It  is  com- 
mon in  Scitaminese.  It  is  not  improbable  that  both  this  and 
the  last  ought  to  be  regarded  as  peculiar  modifications  of 
petiole  (a  kind  of  phyllodia),  rather  than  as  true  leaves  analo- 
gous to  those  next  to  be  described. 

5.  Netted  (retictdatiim).  Here  the  whole  of  the  veins  that 
constitute  a  completely  developed  leaf  are  present,  arranged 
as  I  have  above  described  them,  there  being  no  peculiar  com- 
bination of  any  class  of  veins.  This  is  the  common  form  of 
the  leaves  of  Dicotyledons,  as  of  the  Lilac,  the  Rose,  &c.  It 
is  the  folium  venomm  of  Linnaeus,    the  f.   indirecte  venosum 
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of  Link,  theyr  mixtinervium  of  A.  Richard,  and  thef.  retiner- 
vium  of  De  Candolle.  If  the  external  veins  and  marginal 
veinlets  are  conspicuous,  Link  calls  this  form  combinate  veno- 
gum  ;  but  if  they  are  indistinct,  he  calls  it  evanescenti  venosum, 

6.  Ribbed  (costatum).  In  this  three  or  more  midribs  proceed 
from  the  base  to  the  apex  of  the  leaf,  and  are  connected  by 
branching  primary  veins  of  the  form  and  magnitude  of  proper 
veinlets,  as  in  Melastoma.  Tliis  must  not  be  confounded 
with  the  straight'-veined  leaf,  from  which  it  may  in  all  cases 
of  doubt  be  distinguished  by  the  ramified  veins  that  connect 
the  ribs.  This  is  a  very  material  difference,  which  has  never 
been  properly  explained.  Linnseus  and  his  followers  con- 
found the  two  forms;  but  modem  writers  separate  them: 
although  it  must  be  confessed  that  it  is  difficult  to  discover 
their  distinctions  from  tlie  characters  hitherto  assigned  to 
them.  Link  calls  these  leaves  f,  nervatoj  A.  Richard  fi  ba- 
sinervia^  and  De  Candolle^  triplinervia  and^T  quirUuplinervia, 
If  a  ribbed  leaf  has  three  ribs  springing  from  the  base,  it  is 
said  to  be  tliree^ribbed  (tri'^ostatumj  trinerve  of  authors) ;  if 
Ave,  Jwe-ribbed^  and  so  on.  But  if  the  ribs  do  not  proceed 
exactly  from  the  base,  but  from  a  little  above  it,  the  leaf  is 
then  said  to  be  triply-ribbed  (triplicostatum),  as  in  the  He- 
lianthus. 

7.  Falsely  ribbed  (pseudocostaium)^  is  when  the  curved  and 
external  veins,  both  or  either,  in  a  reticulated  leaf,  become 
confluent  into  a  line  parallel  with  the  margin,  as  in  all  Myr- 
taceae.     This  has  not  been  before  distinguished. 

8.  Radiating  (radiatum)^  when  several  ribs  radiate  from 
the  base  of  a  reticulated  leaf  to  its  circumference,  as  in  lobed 
leaves.  This  and  the  following  form  the^I  directe  verumtm 
of  Link :  it  is  the  f,  digitinervium  of  A.  Richard.  Hither  I 
refer,  without  distinguishing  them,  the  f.  pedalinervia,  palmi" 
nermuy  and  peltinervia  of  De  Candolle ;  the  differences  of  which 
do  not  arise  out  of  any  peculiarity  in  the  venation,  but  from 
the  particular  form  of  the  leaves  themselves. 

9.  Feather-veined  (pennivenium)^  when  the  venae  primariae 
of  a  reticulated  leaf  pass  in  a  right  line  from  the  midrib  to  the 
margin,  as  in  Castanea.     This  has  the  same  relation  to  the 
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radiating  leaf  tliat  the  curve-veined  bears  to  the  straight- 
veined  ;  it  is  the  folium  peiininervium  of  De  Candolle. 

10.  Hiddeti-veined  (introvenium).  To  this  I  refer  all  leaves 
the  veins  of  which  are  hidden  from  view  by  the  parenchyma 
being  in  excess,  as  in  Hoya,  and  many  other  plants.  Such  a 
leaf  is  often  inaccurately  called  veinless.  De  Candolle  calls 
a  leaf  of  this  nature,  in  which  the  veins  are  dispersed  through 
a  large  mass  of  parenchyma,  as  in  Mesembryanthemum, 
voffinervium. 

It  may  be  necessary  to  explain  the  direction  that  the 
primary  veins  take  when  they  diverge  from  the  midrib :  this 
can  be  denoted  by  measuring  the  angle  which  is  formed  by  the 
midrib  and  the  diverging  vein,  and  can  either  be  stated  in 
distinct  words,  or  by  applying  tlie  following  terms  thus :  —  if 
the  angle  formed  by  the  divergence  is  between  10°  and  20  , 
the  vein  may  be  said  to  be  neurit/  parallel  (subparaUela) ;  if 
between  20°  and  40°,  diverging  ;  between  40°  and  60°,  spread- 
ing ;  between  60°  and  80°;  divaricating;  between  80°  and  90°, 
right-angled;  between  90°  and  120°,  oblique;  beyond  120°, 
rejlexed  (retro/lexa). 

With  regard  to  the  forms  of  leavesj  this  subject  properly 
enters  into  Glossology ;  because  the  terms  applied  by  Botanists 
to  differences  in  the  outline  of  tliose  organs  are,  in  fact,  ap- 
plicable to  any  varieties  in  the  figure  of  any  other  flat  body. 
Nevertlieless,  as  it  may  be  a  matter  of  convenience  to  the 
student  to  know  upon  what  principles  the  most  remarkable 
forms  of  leaves,  or  of  other  divided  parts,  are  thought  to  be 
connected  Wth  each  other,  I  here  translate  the  observations 
upon  the  subject  made  by  Alphonse  de  Candolle,  whose  recent 
Introduction  to  Botany  may  be  supposed  to  embody  the  latest 
opinions  of  his  father. 

^^  Leaves  put  on  a  multitude  of  forms,  depending  upon  the 
manner  in  which  they  are  severally  organized,  especially  with 
regard  to  their  division  and  the  direction  of  their  veins. 
Tliese  veins  being  in  general  symmetrical  on  the  two  sides  of 
the  midrib,  leaves  themselves  are  almost  always  of  some 
regular  figure,  as,  for  instance,  oval,  rounded,  elliptical,  &c. 
Their  regularity,  however,  is  never  mathematical ;  and  there 
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are  certain  leaves,  like  those  of  the  Begonia,  the  two  sides  of 
which  are  most  remarkably  unequal. 

"  Leaves  are  either  entire^  that  is,  without  toothings  of  any 
kind ;  or  tootlied  in  various  ways  upon  their  edges ;  or  divided 
more  or  less  deeply  into  lobes^  which  leave  void  spaces  between 
them,  which  we  call  recesses  (sinus), 

"  Differences  of  this  kind  onlj'  become  intelligible  when  one 
starts  from  the  idea  that  a  leaf  is  a  mere  expansion  of  tissue, 
in  which  the  parenchyma  is  more  or  less  extended  according 
to  the  divergence  of  the  vessels  that  compose  the  veins,  and  the 
degree  of  vegetating  vigour  of  every  species  upon  all  points  of 
its  surface.  In  this  expansion,  which  constitutes  vegetation, 
it  may  be  understood  that  a  cellular  tissue,  mingled  with  firm 
parts  like  veins,  ought  to  al^sume,  especially  at  the  edges,  very 
diflferent  appearances.  Each  vein  is  to  be  considered  as  sur- 
rounded with  parenchyma  as  well  as  the  ligneous  fibres  of 
the  stem.  When  this  parenchyma  sti^tches  a  great  deal  be- 
tween the  principal  veins,  and  unites  them  completely  up  to 
their  extremities,  the  leaf  is  entire ;  but  when  the  separation 
of  the  prinipal  veins  is  greater,  and  the  cellular  tissue  is  com- 
paratively less  extended,  the  union  of  parenchyma  takes  place 
in  only  an  imperfect  manner,  and  thus  lobes  and  openings  are 
produced  in  the  middle  of  the  leaf,  or  various  kinds  of 
toothings  in  its  circumference. 

"  In  support  of  this  theory,  which  has  originated  with  M. 
De  Candolle,  it  must  be  remarked  that  tlie  bladders  of  cel- 
lular tissue  have  a  great  tendency  to  grow  together  when  tliey 
come  in  contact  in  a  young  state.  The  fluids  which  tissue 
secretes  are  more  or  less  viscid ;  the  growth  of  the  bladders  in 
diameter  causes  them  to  press  against  each  other ;  they  are 
extremely  homogeneous  in  different  parts  of  the  same  organ ; 
all  these  may  be  supposed  to  concur  in  producing  the  pheno- 
menon of  which  the  grafting  of  one  plant  upon  another  is  the 
most  striking  example.  The  structure  of  flowers  depends 
upon  the  existence  of  this  tendency,  as  will  be  shewn  hereafter. 
With  regard  to  leaves,  Dracontium  pertusum  affords  a  verifi- 
cation of  this  theory  in  the  irregular  holes  pierced  tlirough 
the  middle  of  its  blade  between  the  veins.  The  more  weak 
the  developement  of  this  leaf  has  been,  the  larger  are  the 
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holes,  which,  in  some  instances,  even  extend  to  the  margin,  ■ 
when  the  leaf  becomes  lobed.  In  this  case  it  is  difficult  to 
deny  thi^t  the  parenchyma  developes  and  combines  more  to- 
wards the  edge  of  the  leaf  than  in  the  centre ;  while,  on  the 
other  hand,  by  a  different  direction  and  another  mode  of  de- 
velopement  of  the  parenchyma,  the  contrary  takes  place  in 
the  greater  part  of  leaves.  The  fact,  that  divisions  are  the 
deepest  in  those  individuals  of  the  same  species  whose  vegeta- 
tion has  been  least  favoured  by  humidity  and  the  nature  of  the 
soil,  18  a  confirmation  of  this  theory. 

"  Palm  trees  seemed  to  offer  an  exception  to  this  mode  of 
accounting  for  the  formation  of  lobes;  but  the  recent  ob- 
servations of  Mohl  have  demonstrated  that  those  plants  also 
are  conformable  to  the  theory.  The  leaves  of  Palm  trees 
begin  by  being  apparently  simple,  they  then  gradually  divide 
from  the  extremity  to  the  base  of  the  blade,  and  there  are  on 
the  edges  of  the  divisions  some  ragged  remnants  which  look  as  if 
they  indicated  an  actual  rending  asunder.  But  Mohl,  by 
observing  these  leaves  microscopically,  when  first  developing, 
ascertained  that  these  divisions  never  are  intimately  united 
at  their  edges,  and  that  they  are  merely  held  together  by  a 
net  of  down.  This  may  possibly  depend  upon  the  dry  and 
leathery  texture  of  their  leaves,  which  causes  tlie  bladders  to 
be  converted  into  hairs  instead  of  uniting  in  consequence  of 
their  great  approximation.  If  the  adhesion  is  incomplete,  it 
is  no  wonder  that  the  leaves  should  separate  in  proportion  as 
the  veins  diverge  by  the  enlargement  of  the  leaf.  Palm 
leaves,  then,  are  not,  as  has  been  supposed,  simple  leaves  which 
divide  into  lobes  contrary  to  what  happens  in  other  plants ; 
they  are  divisions  bordered  by  a  parenchyma  which  has  never 
been  united  to  that  of  the  division  next  it,  and  which,  in 
consequence,  does  not  tear,  but  only  separates. 

"  The  unequal  degrees  of  union  of  the  parenchyma  that  sur- 
rotmds  the  veins,  combined  with  the  arrangement  of  the  latter, 
form  the  principles  on  which  the  nomenclature  of  divided 
leaves  has  been  contrived. 

"  When  the  parenchyma  between  the  primary  veins  is  not 
united,  so  that  the  blade  is  composed  of  several  distinct  parts 
combined  by  the  midrib  only,  the  distinct  portions  or  lobes 
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are  called  segments.  They  differ  from  the  leaflets  of  more 
compound  leaves  merely  by  the  circumstance  of  not  being 
jointed  with  their  support  and  deciduous.  A  leaf  having 
such  segments  is  called  dissected. 

"  If  die  lobes  are  united  near  the  base  around  the  origui  of 
these  veins,  we  name  them  partitions^  and  the  leaf  is  said  to 
he  parted, 

*^  Supposing  the  lobes  to  be  united  as  far  as  the  middle, 
they  become  divisions^  their  recesses  bxq  fissures^  and  the  ad- 
jectives formed  from  these  are  made  to  end  in  Jid^  as  mtdtijid^ 
quinquefid,  &c.;  this  should  not  be  applied  to  any  cases  in  which 
the  divisions  extend  below  the  middle  of  the  veins;  it  is, 
however,  frequently  applied  to  cases  of  a  division  as  deep  as 
the  midrib. 

"  Finally,  if  the  adhesion  of  the  lobes  is  complete,  and  if 
the  parenchyma  which  separates  the  extremity  only  of  the 
veins  is  not  extended  to  the  extremity  of  the  principal  veins, 
or  beyond  them ;  the  leaf  is  merely  toothed  (dentate) ;  the 
salient  parts  are  toothings.  When  the  toothings,  or  teeth,  are 
rounded,  they  become  crenels,  and  the  leaf  is  crenetted  (or 
crenate).  This  form  of  leaf  is  not  very  important,  because  it 
is  not  connected  with  the  arrangement  of  the  primary  veins, 
while  that  of  the  lobes,  already  mentioned,  always  is. 

"  The  terms  that  express  precisely  the  important  subdivi- 
sions of  the  leaf  are  combined  with  those  which  indicate 
venation.  Thus  a  feather-veined  leaf  ( pennivenium)  may  be 
either  pennatisected,  or  pennatiparted,  or  pennatifid,  according 
as  it  has  segments,  partitions,  or  fissures.  In  like  manner  a 
palm-veined  leaf  (this  is  what  I  call  radiating,  p.  1 10.)  may  be 
palmatisected,  palmatiparted,  or  palmati/id;  and  so  on. 

^^  In  like  manner  we  say  that  a  leaf  is  trisected,  trijid,  or 
triparted,  when  we  would  draw  attention  to  the  number  and 
depth  of  the  lobes  of  a  leaf,  rather  than  to  the  relation  they 
bear  to  the  veins.  And,  on  the  other  hand,  we  may,  by  neg- 
lecting the  number  of  the  lobes,  simply  indicate  their  presence 
by  saying  that  a  leaf  is  pennatilobed,  palmatilobed,  and  so  on. 

"  The  lobes  themselves  are  sometimes  subdivided  upon  the 
same  principle  as  the  leaf  itself.  We  then  say  that  a  leaf  is 
bipennatisected,  bipennatiparted,  &C. ;  if  the  subdivisions  of  the 
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lobes  are  themselves  lobed,  we  may  say  tripennatisectedj  tri'- 
pennatipartedj  &c.  Finally,  in  cases  where  leaves  are  extremely 
divided,  and  the  parenchyma  of  the  ultimate  ramifications  of 
the  veins  does  not  unite  and  form  lobes,  we  say,  in  general 
terms,  that  the  leaf  is  mtdt\fid^  laciniated,  decomposed^  or  slashed; 
terms  which  express  the  appearance  of  a  leaf,  without  any 
very  precise  signification." 

With  regard  to  compound  leaves,  their  leaflets  alwajrs 
have  the  primary  veins  running  at  an  angle  more  or  less 
acute  towards  the  margin.  ^^  This  is  perfectly  intelligible  if 
we  reflect  that  their  lateral  veins  represent  not  the  primary, 
but  the  secondary  and  tertiary  veins  of  simple  leaves,  which 
latter  are  always  pennated. 

"  The  leaflets  of  pennated  leaves  are  usually  placed  opposite 
each  other  in  pairs  along  a  common  petiole.  These  pairs  of 
leaves  are  called  in  Latin  juga :  thus  a  leaf  with  one  pair  is 
unipiffum;  with  two  pairs,  bijugtrni^  &c. 

"  Usually  one  of  the  leaflets  terminates  the  petiole ;  the 
leaf  is  then  uneqtudly  pinnated  (imparipinnatum) ;  but  sometimes 
there  is  no  odd  leaflet,  and  the  petiole  ends  abruptly,  or  in  a 
point  or  tendril ;  (this  is  equally  pinnated^  pari-pinnatum). 

"  Sometimes  the  leaflets  themselves  are  subdivided  into 

other  leaflets  (folium  bipinnatum^  tripinnaium).     In  this  case, 

the  lateral  petioles  which  bear  the  leaflets  are  called  partial ; 

and  the  small  supports  of  the  leaflets  themselves,  staJklets 

{petioluks).'* 

Such  are  De  Candolle's  ideas  of  the  typical  formation  of 

leaves.  They  ofier  a  convenient  mode  of  studying  the  modi- 
fications in  structure  of  these  organs,  and  are,  to  all  ap» 
pearance,  foimded  upon  a 
correct  idea  of  the  subject. 

The  PETIOLE,  or  leafstalk 
(^.56.  a— J),  is  the  part 
which    connects    the    blade 

• 

with  the  stem,  of  which  it 
was  considered  by  Linnaeus 
as  a  part.  It  consists  of  one 
or  more  bundles  of  fibro- 
vascular    tissue    surrounded 
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by  cellular  substance.  Its  figure  is  generally  half  cylindrical, 
frequently  channelled  on  the  surface  presented  to  the  hea- 
vens ;  but  in  some  monocotyledonous  plants  it  is  perfecdy 
cylindrical,  and  in  others  it  is  a  thin  leafy  expansion,  sur- 
rounding the  stem  {^Jig.  55.  a).  If  the  petiole  is  entirely 
absent,  which  is  often  the  case,  the  leaf  is  then  said  to  be 
sessile.  Generally  the  petiole  is  simple,  and  continuous  with 
the  axis  of  the  leaf;  sometimes  it  is  divided  into  several  parts, 
each  bearing  a  separate  leaf  or  leq/kt  (foliolum) :  in  such  cases 
it  is  by  some  said  to  be  compound ;  each  of  the  stalks  of  tlie 
leaflets  being  called  petiolules  or  stcdklets  {ramastra,  Jungius). 
In  all  simple  leaves  the  petiole  is  continuous  with  the  axis  of  the 
lamina,  from  which  it  never  separates ;  in  all  truly  compound 
leaves  the  petiole  is  articulated  with  each  stalklet;  so  that,  when 
the  leaf  perishes,  it  separates  into  as  many  portions  as  there 
are  leaflets,  as  in  the  Sensitive  Plant :  hence,  whenever  an 
apparently  simple  leaf  is  found  to  be  articulated  with  its 
petiole,  as  in  the  Orange,  such  a  leaf  is  not  to  be  considered  a 
simple  leaf,  but  the  tentiinal  leaflet  of  a  pinnated  leaf,  of 
which  the  lateral  leaflets  are  not  developed.  This  is  a  most 
important  difference,  and  must  be  borne  constantly  in  mind 
by  all  persons  who  are  engaged  in  the  investigation  of  natural 
affinities.     It  is  a  secret  sign  which  must  never  be  neglected. 

At  the  base  of  the  petiole,  where  it  joins  the  stem,  and 
upon  its  lower  surface,  the  cellular  tissue  increases  in  quan- 
tity, and  produces  a  protuberance  or  gibbosity,  which  Ruellius, 
and  after  him  Link,  called  the  pulvinus^  and  De  Candolle 
caussinet  {fig.  56.  a).  At  the  opposite  extremity  of  the  petiole, 
where  it  is  connected  with  the  lamina,  a  similar  swelling  is  often 
remarkable,  as  in  SterculiOf  Mimosa  sensitiva^  and  others :  this 
is  called  the  struma^  or,  by  the  French,  bourrelet  {fig.  56.  b). 

Occasionally  the  petiole  embraces  the  branch  ft*om  which 
it  springs,  and  in  such  case  is  said  to  be  sheathing  ;  and  is  even 
called  a  sheath  or  vagina,  as  in  grasses  {fig.  55.  a).  When  the 
lower  part  only  of  the  petiole  is  sheathing,  as  in  Umbelliferte, 
that  part  is  sometimes  called  the  pericladium.  In  grasses  there 
is  a  peculiar  membranous  process  at  the  top  of  the  sheath, 
between  it  and  the  blade,  which  has  received  the  name  of 
ligtda  {fig.  56.  b)  {languette,  Fr.;  collarcy  Rich.) :  for  the  na- 
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ture  of  this  process  see  page  122.  In  the  Asparagus, 
the  petiole  lias  the  form  of  a  small  sheath,  is  destitute  of 
blade,  and  surrounds  the  base  of  certain  small  branches 
having  the  appearance  of  leaves;  such  a  petiole  has  been 
named  hypophyllium  by  Link.  In  Trapa  natans,  Pontedera 
crassipes,  and  other  plants,  the  petiole  is  excessively  dilated 
by  air,  and  acts  as  a  bladder  to  float  the  leaves :  except  in 
this  state  of  dilatation,  it  differs  in  no  wise  from  common 
petioles :  it  has,  nevertheless,  received  the  name  of  vesicula 
from  De  CandoUe,  who  considers  it  the  same  as  the  bladdery 
expansions  of  Fuci.  The  petiole  is  generally  straight :  occa- 
sionally it  becomes  rigid  and  twisted,  so  that  the  plant  can 
climb  by  it  In  Combretum  it  hardens,  curves  backward, 
loses  its  blade,  and  by  degrees  becomes  an  exceedingly  hard, 
durable  hook,  by  means  of  which  that  plant  is  able  to  raise 
itself  upon  the  branches  of  the  trees  in  its  vicinity. 

It  has  been  said  that  the  figure  of  the  petiole  usually  ap- 
proaches more  or  less  closely  to  the  cylindrical :  tliis,  however, 
is  not  always  the  case.  In  many  plants,  especially  of  an  herba- 
ceous habit,  it  is  very  thin,  with  foliaceous  margins ;  it  is  then 
called  toinged.  There  are,  moreover,  certain  leafless  plants, 
as  the  greater  number  of  species  of  Acacia,  in  which  the 
petiole  becomes  so  much  developed  as  to  assume  the  appear- 
ance of  a  leaf,  all  the  functions  of  which  it  performs.  Petioles 
of  this  nature  have  received  the  name  of  Phyllodia  {Jig.  57.). 
They  may  always  be  distinguished  from  true  leaves  by  the  fol- 
lowing characters:— 1.  If  observed  when  the  plant  is  very 
young,  they  will  be  found  to  bear  leaflets.  2.  Both  their  sur- 
faces are  idike.  3.  They  very  generally  present  their  margins 
to  the  earth  and  heavens, — not  their  sur&ces.  4.  They  are 
always  straight-veined ;  and,  as  they  only  occur  among  dico- 
tyledonous plants  which  have  reticulated  leaves,  this  peculiarity 
alone  will  characterise  them. 

But,  besides  the  curious  transformation  undergone  by  the 
petiole  when  it  becomes  a  phyllodium,  there  are  several  others 
still  more  remarkable ;  among  these  the  first  to  be  noticed  is 
the  cirrhtu  or  tendril  ( VrHkf  Fr. ;  Capreolus  and  Clavicula  of 
the  old  botanists).  It  is  one  of  the  contrivances  employed  by 
nature  to  enable  plants  to  support  themselves  upon  othei-s  that 
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are  Btronger  than  themselves.  It  was  included  by  Linnaeus 
among  what  he  called ^Mfcra ;  and  has  generally,  even  by  very 
recent  writers,  been  spoken  of  as  a  peculiar  organ.  But,  as  it 
is  manifestly  in  most  casea  a  particular  form  of  the  petiole,  I 
see  no  reason  for  r^arding  it  in  any  other  light.  It  may, 
indeed,  be  a  modification  of  the  inflorescence,  as  in  tlie  Vine; 
but  this  is  an  exception,  showing,  not  that  the  cirrhus  is  not 
a  modification  of  the  petiole,  but  that  any  part  may  become 
cirrhose. 

In  some  cases  the  petiole  of  a  compound  leaf  is  lengthened, 
branched,  and  endowed  with  the  power  of  twisting  round  any 
small  body  that  is  near  it,  as  in  the  Pea :  it  then  becomes  what 
is  called  a  cirrhtu  petioh.ru.  At  other  times,  it  branches  off  on 
each  side  at  its  base  below  the  lamina  into  a  twisting  ramifi- 
cation, as  in  Smilax  horrida;  when  it  is  called  a  cirrhus  pe- 
diatcuhris.  At  other  times  it  passes,  in  the  form  of  midrib, 
beyond  the  apex  of  a  single  leaf,  twisting  and  carrying  wltl 
it  a  portion  of  the  parenchyma,  as  in  Gloriosa  superba;  when 
it  is  said  to  be  a  cirrhus  foliarin.  De  Candolle  also  refers  to 
tendrils  the  acuminate,  or  rather  caudate,  divisions  of  the 
corolla  of  Strophanthus,  under  the  name  of  cirrhus  coroUaris. 

As  another  modification  of  the  petiole,  I  am  disposed  to 
consider  with  Link  (Elem.  202.)  the  singular  form  of  leaf  in 
Sarracenia  and  Nepenthes  (Jig.  58.),  which  has  been  called 
a  pitcher  {Aicidium,  Vascvlum  outre  De  Candolle).  This  con- 
sists of  a  6stular  green  body,  occupying  the  place  and  per- 
forming the  functions  of  a  leaf,  and  closed  at  its  extremity  by 
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a  lid  termed  the  operculum.  To  me  it  appears  tliat  the  pitcher 
itself,  or  (istular  part,  is  the  petiole,  and  the  operculum  tlie 
blade  of  a  leaf  in  an  extraordinary  state  of  transformation. 
Look,  for  example,  at  Dionasa  muscipula ;  in  this  plant  the 
leaf  consists  of  a  broad-winged  petiole,  articulated  with  a  col- 
lapsing blade,  the  margins  of  which  are  pectinate  and 
indexed.  Only  suppose  the  broad-winged  petiole  to  collapse 
also,  and  that  its  margins,  when  they  meet,  as  they  would  in 
consequence  of  a  collapsion,  cohere ;  a  fistular  body  would 
then  be  formed,  just  like  the  pitcher  of  Sarracenia  (Jig,  58.  B), 
and  there  would  be  no  difficulty  in  identifying  the  acknow- 
ledged blade  of  Dionsea  with  the  operculum  of  Sarracenia 
also.  From  Sarracenia  thetransitionto  Nepenthes  (^.68.A) 
would  perhaps  not  be  considered  improbable. 


The  student  must  not,  however,  suppose  that  all  pitchers 
are  petioles,  because  those  of  Nepenthes  and  Sarracenia  are 
so.  Those  of  the  curious  Dischidia  Rafileeiana  {_fy.  59.), 
%ured  by  Wallich  in  his  Planta  Anatica  Rarioret,  are 
leaves,  the  margins  of  which  are  united.  The-  pitchers  of 
Marcgraavia  and  Norantea  (Jiff.  60.)  are  bracts  in  the  same 
state. 

Spinet  of  the  leaves  are  fonned  either  by  a  lengthen- 
ing of  the  woody   tissue  of  the  veins,  or  by  a  contraction 
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of  the  parenchyma  of  the  leaves;  in  the 
former  case  they  project  beyond  the  aur- 
fsux  or  margin  of  the  leaf,  as  in  the  Holly 
(Ilex  aquifolium)  in  the  latter  case  they 
are  tlie  veins  themselves  become  har- 
dened, as  in  the  palmated  spines  of  the 
Barberry.  The  spiny  petiole  of  many 
Leguminous  plants  is  of  the  same  nature 
as  the  latter.  So  strong  is  the  tendency 
in  some  plants  to  assume  a  spiny  slate, 
that  in  a  species  of  Prosopis  from  Chili, 
of  which  I  have  a  living  specimen  now 
before  me,  half  the  leaflets  of  its  bipinnate 
leaves  have  the  upper  half  converted  into 
spines. 


2.     Of  Stipules. 


At  the  base  of  the  petiole,  on  each  side,  is  frequently  seated 
a  small  appendage,  most  commonly  of  a  texture  lessiirm  than 
the  petiole,  and  having  a  tapering  termination.  These  two 
appendages  ore  called  tiipalet.  They  either  adhere  to  the 
base  of  the  petiole  or  are  separate ;  —  they  either  endure  as 
long  as  the  lea^  or  fell  olf  before  it ;  —  tbey  are  membranous, 
leathery,  or  spiny ;  —  finally,  they  are  entire  or  ladniated. 
By  Link  they  have  been  called  ParaphyBia ;  an  unnecessary 
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term.  When  they  are  membranous,  and  surround  the  stem 
like  a  sheath,  cohering  by  their  anterior  margins,  as  in  Poly- 
gonum {Jig.  61.),  they  have  been  termed  cnrArea  by  Willdenow. 
Of  this  the  fibrous  sheath  at  the  base  of  the  leaves  of  Palms, 
called  reticultmi  by  some,  may  possibly  be  a  modification.  In 
pinnated  leaves  there  are  often  two  stipules  at  the  base  of  each 
leaflet  as  well  as  at  the  base  of  the  common  petiole :  stipules, 
under  such  circumstances,  are  called  stipels. 

The  exact  analogy  of  stipules  is  not  well  made  out.  De 
CandoUe  seems,  from  some  expressions  in  his  Organographies 
to  suspect  their  analogy  with  leaves ;  while,  in  other  places 
in  the  same  work,  it  may  be  collected  that  he  rather  con- 
siders them  special  organs.  I  am  clearly  of  opinion  that, 
notwithstanding  the  difference  in  their  appearance,  they  are 
really  accessory  leaves:  first,  because  occasionally  they  are 
transformed  into  leaves,  as  in  Rosa  bracteata,  in  which  I  have 
seen  them  converted  into  pinnated  leaves ;  secondly,  because 
they  are  often  undistinguishable  from  leaves,  of  which  they 
obviously  perform  all  the  functions,  as  in  Lathyrus,  Lotus, 
and  many  other  Leguminosas:  and,  finally,  because  there  are 
cases  in  which  buds  develope  in  their  axils,  as  in  Salix,  a 
property  peculiar  to  leaves  and  their  modifications.  De 
CandoUe,  in  suggesting,  after  Seringe,  that  the  tendrils  of 
Cucurbitaceas  are  modified  stipules,  assigns  the  latter  a  ten- 
dency to  a  transformation  exclusively  confined  either  to  the 
midrib  of  a  leaf,  or  to  a  branch ;  and  they  cannot  be  the 
latter. 

It  is  sometimes  difficult  to  distinguish  from  true  stipules 
certain  membranous  expansions,  or  cilise,  or  glandular  append- 
ages of  the  margin  of  the  base  of  the  petiole,  such  as  are 
found  in  Ranunculacea^  Apocynese,  Umbelliferae,  and  many 
other  plants.  In  these  cases  the  real  nature  of  the  parts  is 
only  to  be  collected  from  analogy,  and  a  comparison  of 
them  with  the  same  part  differently  modified  in  neighbouring 
species. 

De  CandoUe  remarks,  that  no  Monocotyledonous  plants 
have  stipules ;  but  they  certainly  exist,  at  least  in  Fluviales 
and  Aroideae.  It  is  also  said  that  they  do  not  occur  in  the 
embryo ;  but  then  tliere  ai'c  some  exceptions  to  tliis  opinion. 
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as  well  as  to  Miquel's  remark,  tliat  ihey  never  occur  upon 
radical  leaves  (Strawberry). 

Turpin  considers  them  of  two  kinds. 

1.  Distinct,  but  rudimentary,  leaves,  when  they  originate 
from  the  stem  itself,  as  in  Cinchonaceee,  &c. 

2.  Zjeqfleta  of  a  pinnated  leaf,  when  they  adhere  to  the  leaf- 
stalk, as  in  Roses,  &c. 

The  liffnla  of  grasses,  a  membranous  appendage  at  the  apex 
of  their  sheathing  petiole,  which  some  have  considered  stipules, 
should  rather  be  understood  as  a  membranous  expansion 
analt^ue  to  the  corona  of  some  Caryophyllese,  such  as 
Silene. 

It  has  been  already  noted,  that  when  they  surround  the 
stem  of  a  plant  they  become  an  ockrea ;  in  this  case  their 
anterior  and  posterior  margins  are  united  by  cohesion;  a 
property  that  they  possess  in  common  with  all  modifications 
of  leaves,  and  of  which  different  instances  may  be  pointed  out 
in  Magnoliaceae,  where  the  back  margins  only  cohere,  in  cer- 
tain Cinchonaceae,  in  which  the  anterior  margins  of  the  stipules 
of  opposite  leaves  are  united,  and  in  a  multitude  of  other 
plants. 

3.     Of  Bracts. 


AH  the  parts  that  have  hitherto  been  subjects  of  enquiry 
are  called  organi  of  vegetation ;  their  duty  being  exclusively 
to  perform  the  nutritive  parts  of  the  v^etable  economy. 
TTiose  which  are  about  to  be  mentioned  are  called  orgaat  of 
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fructification ;  their  office  being  to  reproduce  the  species  by  a 
process  in  some  respects  analogous  to  that  which  takes  place 
in  the  animal  kingdom.  The  latter  are,  however,  all  modifi- 
cations of  the  former,  as  will  hereafter  be  seen,  and  as  the 
subject  of  this  division  is  in  itself  a  kind  of  proof;  bracts  not 
being  exactly  either  organs  of  vegetation  or  reproduction,  but 
between  the  two. 

Botanists  call  Bracts  either  the  leaf  from  the  axil  of 
which  a  flower  is  developed,  such  as  we  find  in  Veronica 
agrestis ;  or  else  all  those  leaves  that  are  found  upon  the  inflo- 
rescence, and  are  situated  between  tlie  true  leaves  and  the 
calyx.  There  are,  in  reality,  no  exact  limits  between  bracts 
and  common  leaves ;  but  in  general  the  former  may  be  known 
by  their  situation  immediately  below  the  calyx,  by  their 
smaller  size,  difference  of  oudine,  colour,  and  other  marks. 
They  are  generally  entire,  however  much  the  leaves  may  be 
divided ;  frequently  scariose,  either  wholly  or  in  part ;  often 
deciduous  before  the  flowers  expand ;  but  rarely  very  much 
dilated,  as  in  Origanum  Dictamnus,  and  a  few  other  plants. 
It  is  oflen  more  difficult  to  distinguish  bracts  from  the  sepals 
of  a  polyphyllous  caljrx  than  even  from  the  leaves  of  the  stem. 
In  fact,  there  is  in  many  cases  no  other  mode  than  ascertain- 
ing the  usual  number  of  sepals  in  other  plants  of  the  same 
natural  order,  and  considering  every  leaf-like  appendage  on 
the  outside  of  the  usual  number  of  sepals  as  a  bract  In 
Camellia,  for  example,  ii*  it  were  not  known  that  the  normal 
number  of  sepals  of  kindred  genera  is  five,  it  would  be  im- 
possible to  determine  the  number  of  its  sepals.  Wlien  the 
bracts  are  very  small,  they  are  called  bractlets ;  or,  if  they 
are  of  different  sizes  upon  the  same  inflorescence,  the  smallest 
receive  that  name.  It  rarely  occurs  that  an  inflorescence  is 
destitute  of  bracts.  In  Cruciferae  this  is  a  general  character, 
and  is  observed  by  Link  to  indicate  an  extremely  irregular 
structure.  When  bracts  do  not  immediately  support  a  flower 
or  its  stalk,  they  are  called  empty  (vactuB).  As  a  general 
rule,  it  is  to  be  understood,  that  whatever  intervenes  between 
the  true  leaves  and  the  calyx,  whatever  be  their  form,  colour, 
size,  or  other  peculiarity,  comes  within  the  meaning  of  the 
term. 
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Under  particular  circumstances  bracts  have  received  the 
following  peculiar  names :  — 

When  they  are  empty,  and  terminate  the  inflorescence,  they 
form  a  comoy  as  in  Salvia  Horminum.  In  this  case  they  are 
generally  enlarged  and  coloured. 

If  they  are  verticillate,  and  surround  several  flowers,  they 
constitute  an  involucre.  In  Umbelliferous  plants,  the  bracts 
which  surround  the  general  umbel  are  called  an  universal 
involucre  ;  and  those  which  surround  the  umbellules  a  partial 
involucre^  or  involucellum.  In  Compositse,  the  involucre 
often  consists  of  several  rows  of  imbricated  bracts,  and  has 
received  a  variety  of  names,  for  none  of  which  does  there 
appear  to  be  the  least  occasion.  Linnaeus  called  it  calyx 
communis^  Necker  perigynandra  communis^  Richard  periphor" 
anthium^  Cassini  periclinium.  There  is  often  foimd  at  the 
base  of  the  involucre  of  Compositae  an  exterior  rank  of 
bracts,  which  Linnaeus  called  calyculus  ;  and  such  involucres 
as  were  so  circumstanced  calyx  calyculatus,  Cassini  restricts 
the  term  involucre  to  this ;  but  it  seems  most  convenient  to 
call  these  exterior  bracts  bractlets^  and  to  say  that  an  involu- 
cre in  which  they  are  present  is  basi  bracteolatus^  bracteolate 
at  the  base. 

Another  and  very  remarkable  form  of  the  involucre  is  the 
cupula  {Jig.  67.).  It  consists  of  bracts  not  developed  till  after 
flowering,  when  they  cohere  by  their  bases,  and  form  a  kind 
of  cup.  In  the  Oak  the  cupula  is  woody,  entire,  and  scaly, 
with  indurated  bracts:  in  the  Beech  it  forms  a  sort  of 
coriaceous  valvular  spurious  pericarp:  in  the  Hazel  Nut 
{Jig.  65.)  it  is  foliaceous  and  lacerated:  in  the  Yew  it  is  fleshy 
and  entire,  with  no  appearance  of  bract 

llie  name  squama  or  scale  is  usually  applied  to  the  bracts 
of  the  catkin ;  it  is  also  occasionally  used  to  indicate  any 
kind  of  bract  which  has  a  scaly  appearance. 

The  bracts  which  are  stationed  upon  the  receptacle  of 
Compositae,  between  the  florets,  have  generally  a  membranous 
texture  and  no  colour,  and  are  called  palece,  Englished  by 
some  botanists  chaff  of  the  receptacle.  The  French  call  this 
sort  o(  bract  paiUettCj  Cassini  squamelles  {Jig.  64.). 

In  Palms  and  Aroideae  there  are  seated,  at  the  base  of  the 
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spadix,  largf  coloured  bracts,  in  whicli  die  spadix,  (luring 
sestivatlon,  is  wholly  eiiwrai)pe(l,  and  whicli  inayperliaps  per- 
form in  those  plants  the  office  of  corolla.  This  is  called  the 
tpaihe  (Jig.  65.).  Link  considers  it  a  modificatton  of  the 
petiole!     {Elemmia,  p.  253.) 


The  most  remarkable  arrangement  of  bracts  takes  place 
in  Grasses,  in  which  they  occupy  the  place  of  calyx  and 
corolla,  and  have  received  a  great  variety  of  names  from 
diflerent  systematic  writers.  In  order  to  explain  distinctly 
the  application  of  these  terms,  I  must  describe  with  some 
minuteness  the  structure  of  a  hauta  or  pikelet,  as  the  partial 
inflorescence  of  Grasses  is  denominated.  Take,  for  example, 
any  common  Bromus;  each  spikelet  will  be  seen  to  have  at  its 
base  two  opposite  empty  bracts  {Jig.  68.  b),  one  of  which  is 
attached  to  the  rachis  a  little  above  the  base  of  the  other : 
these  are  the  gUtmet  of  Linneus  and  most  botanists,  the  ^/uma 
exterior  or  calycinalia  of  some  writers,  the  legmen  of  Palisot 
de  Beauvois,  the  Upicena  of  Ricliard,  the  catonium  of  Triniiis, 
and,  finally,  the /wm/acAytun  of  Panzer.  Above  the  glumes  are 
several  florets  sitting  in  denticulations  of  the  rachis  {fig.  68.  c) : 
each  of  these  consists  of  one  bract,  with  the  midrib  quitting 
the  bhtde  a  little  below  the  apex,  and  elongated  into  a  bristle 
called  the  otm,  beard,  or  aritla,  and  of  another  bract  facing 
the  first,  with  its  back  to  the  rachis,  bifid  at  the  apex,  with  no 
dorsal  vein,  but  with  its  edges  inflexed,  and  a  rib  on  each  side 
at  the  line  of  inflexion  (fig.6d.a).  These  bracts  are  the 
corolla  of  Linnteus,  the  calyx  of  Jussieu,  the  perianthium  of 
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Brown,  the  gluma  interior  or  corollina  and  periyonium  of  some, 
the  stroffulum  of  Palisot  de  Beauvois,  the  gluma  of  Richard, 
the  bale  or  Glumella  of  De  CandoUe  and  Desvaux,  the  palece 
of  others.  When  the  arista  proceeds  from  the  very  apex  of 
the  bracts,  and  not  from  below  it,  it  is  denominated  in  the 
writings  of  Palisot  a  seta.  Within  the  last-mentioned  bracts, 
and  opposite  to  them,  are  situated  two  extremely  minute 
colourless  fleshy  scales  {^.  68.  e),  which  are  sometimes 
connate  :  these  are  named  corolla  by  Micheli  and  Dumortier, 
nectarium  by  Linnaeus,  sqiuimukB  by  Jussieu  and  Brown, 
glumella  by  Richard,  glumellula  by  Desvaux  and  De  Candolle, 
lodicula  by  Palisot  de  Beauvois,  and  periphyllia  by  Link. 
Amidst  these  conflicting  terms  it  is  not  easy  to  determine 
which  to  adopt.  I  recommend  the  exterior  empty  bracts  to 
be  called  glumes;  those  immediately  surrounding  the  fer- 
tilising organs  palece;  and  the  minute  hypogjmous  ones 
scales  or  squamtdce. 

The  pieces  of  which  these  three  classes  of  bracts  are  com- 
posed are  called  vahes  or  valvulce  by  the  greater  part  of 
botanists;  but  as  that  term  has  been  thought  not  to  convey  an 
accurate  idea  of  their  nature,  Desvaux  has  proposed  to  sub- 
stitute that  of  spathelloj  which  is  adopted  by  De  Candolle. 
Palisot  proposed  to  restrict  the  term  glume  to  the  pieces 
of  the  glume,  and  to  call  the  pieces  of  the  perianthium  palece. 
Richard  called  the  pieces  of  both  glume  and  perianthium 
palece^  and  the  scales  paleolce.  It  seems  to  me  most  con- 
venient to  use  the  term  vcdvula  ;  because  it  is  more  familiar  to 
botanists  than  any  other,  and  because  I  do  not  see  the  force 
of  the  objection  which  is  taken  to  it. 

In  the  genus  Carex  two  bracts  {Jig.  68.  t,  h)  become  con- 
fluent at  the  edges,  and  enclose  the  pistil,  leaving  a  passage 
for  the  stigmas  at  their  apex.  They  thus  form  a  single  urceo- 
late  body  named  urceolus  or  perigynium.  De  Candolle  justly 
observes,  in  his  Tlieorie^  that  some  botanists  call  this  nec" 
tarium,  although  it  does  not  produce  honey ;  others  capsular 
although  it  has  nothing  to  with  the  fruit;  but  he  does  not 
seem  to  me  more  correct  than  those  he  criticises  in  arranging 
the  urceolus  among  his  miscellaneous  appendages  of  the  floral 
organs,  which  are  "ni  organes  g^nitaux  ni  tegumens."     I 


believe  I  was  the  Jirst  who  explained  the  true  nature  of  the 
urceolus,  in  my  translation  of  Richard's  Ajudyse  du  Fruit,   ' 
printed  in  1819.  (p.  13.) 

At  the  base  of  the  ovary  of  Cyperacea;  are  often  found  litde 
filiform  appendages,  called  h}fpogynous  aeta  {J^.  68.  d)  by 
most  botanists,  and  pa-igynium  by  Nees  von  Esenbeck. 
These  are  probably  of  the  nature  of  the  squamulee  of  Grasses, 
and  have  been  named  perispmum  by  some  French  writers. 

Bracts  are  generally  distinct  from  each  other,  and  imbri- 
cated or  alternate.  Nevertherless,  there  are  some  striking 
exceptions  to  this ;  as  remarkable  instances  of  which  may  be 
cited  Althaea  and  Lavaters  among  Malvaceoe,  all  Dipsaceae, 
and  some  Trifolia,  particularly  my  Tr.  cyathiferum  {Hooker 
Fl.  Boreali'Amer.),  in  all  which  the  bracts  are  accurately  ver- 
ticillate,  and  their  margins  confluent,  as  in  a  true  calyx. 


4.  Of  the  Flower. 


The  Flower  is  a  terminal  bud  inclosing  the  organs  of 
reproduction  by  seed.  By  the  ancients  the  term  flower  was 
restricted  to  what  is  now  called  the  corolla;  but  Linnaeus 
wisely  extended  its  application  to  the  union  of  all  the  organs 
which  contribute  to  the  process  of  fecundation.  The  flower, 
therefore,  aa  now  understood,  comprehends  the  calyx,  the 
eoroUa,  the  itameiuy  and  the  pUtil,  of  which  the  two  last  only 
are  indispensable.  The  calyx  and  corolla  may  be  wanting, 
and  a  flower  will  nevertheless  exist ;  but,  if  neither  stametts 
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nor  pistil  nor  their  rudiments  are  to  be  found,  no  assemblage 
•  of  leaves,  whatever  may  be  their  form  or  colour,  or  how  much 
soever  they  may  resemble  the  calyx  and  corolla,  can  constitute 
a  flower. 

We  usually  consider  the  flower  to  consist  of  a  certam  num- 
ber of  whorls,  or  of  parts  originating  round  a  common  centre 
from  the  same  plane.  But  Adolphe  Brongniart  has  correctly 
pointed  out  the  fact  that  what  we  call  whorls  in  a  flower  are 
in  many  cases  not  so,  strictly  speaking,  but  only  a  series  of 
parts  in  close  approximation,  and  at  different  heights  upon 
the  short  branch  that  forms  the  axis.  This  is  particularly 
obvious  in  a  Cistus,  where,  of  the  five  sepals,  two  are  lower 
and  exterior,  and  three  higher  and  witliin  the  first.  The 
manner  also  in  which  the  petals  overlap  each  other  evidently 
points  to  a  similar  cause,  although  the  fact  of  those  pieces 
being  inserted  at  different  heights  may  not  be  apparent. 
—  (See  Ann.  des  Sc,  v.  xxiii.  p.  226.) 

The  flower,  when  in  the  state  of  a  bud,  is  called  the  alohas- 
trus  {bouton  of  the  French) ;  a  name  used  by  Pliny  for  the 
rose-bud.  Some  writers  say  alabastrunij  forgetting,  as  it 
would  seem,  that  that  term  was  used  by  the  Romans  for  a 
scent-box,  and  not  for  the  bud  of  a  flower.  Link  calls  the 
parts  of  a  flower  generally,  whether  united  or  connate,  nwria, 
whence  a  flower  is  bi-polymoriaus  {Elem,,  243.);  but  I  know  of 
no  other  writer  who  employs  these  terms,  which  indeed  are 
quite  superfluous. 

The  flowers  of  an  anthodium,  which  are  small,  and  some- 
what different  in  structure  from  ordinary  flowers,  are  called 
fbrets  (Jlosculi ;  elytriadi  of  Necker; ^wron  of  the  French). 

The  period  when  a  flower  opens  is  called  its  anthesis  ;  the 
manner  in  which  its  parts  are  arranged,  with  respect  to  each 
other,  before  the  opening,  is  called  the  (Estivation.  ^Estivation 
is  the  same  to  a  flower-bud  as  vernation  (p.  61.)  is  to  a  leaf- 
bud  :  the  terms  expressive  of  its  modifications  are  to  be  sought 
in  Glossology.  This  term  aestivation  is  applied  separately  to 
the  parts  of  which  a  flower  may  consist;  thus,  we  speak  of  the 
aestivation  of  the  calyx,  of  the  corolla,  of  the  stamens,  and 
of  the  pistil;  but  never  of  the  aestivation  of  a  flower  col- 
lectively. 
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5.  Of  the  Inflorescence. 

Iiiflorescence  is  a  term  contrived  to  express  generally  the 
arrangement  of  flowers  upon  a  branch  or  stem.  The  part 
which  immediately  bears  the  flowers  is  called  the  pedumndtis 
or  peduncle,  and  is  to  be  distinguished  from  any  portion  of  a 
branch  by  not  producing  perfect  leaves;  those  which  are 
found  upon  it  called  bracts  being  much  reduced  in  size  and 
figure  from  what  are  borne  by  the  rest  of  the  plant. 

The  term  pedimde^  although  it  may  be  understood  to  apply 
to  all  the  parts  of  the  inflorescence  that  bear  the  flowers,  is 
only  made  use  of  practically,  to  denote  the  immediate  support 
of  a  single  solitary  flower,  and  is  therefore  confined  to  that 
part  of  the  inflorescence  which  first  proceeds  firom  the  stem. 
If  it  is  divided,  its  principal  divisions  are  called  branches;  and 
its  ultimate  ramifications,  which  bear  the  flowers,  are  named 
pedicek.  There  are  also  other  names  which  are  applied  to  its 
modifications. 

In  plants  which  are  destitute  of  stem,  it  often  rises  above 
the  ground,  supporting  the  flowers  on  its  apex,  as  in  the 
Cowslip.  Such  a  peduncle  is  named  a  scape  {hampe,  Fr.). 
Some  botanists  distinguish  firom  the  scape  the  peduncvlus  radi" 
caliSf  confining  the  former  term  to  the  peduncle  which  arises 
from  the  central  bud  of  the  plant,  as  in  the  Hyacinth ;  and 
applying  the  latter  to  a  peduncle  proceeding  from  a  lateral 
bud,  as  in  Plantago  media. 

When  a  peduncle  proceeds  in  a  nearly  right  line  fi'om  the 
base  to  the  apex  of  the  inflorescence,  it  is  called  the  rachisy  or 
the  axis  of  the  inflorescence.  This  latter  term  was  used  by 
Palisot  de  Beauvois  to  express  the  rachis  of  Grasses,  and  is 
perhaps  the  better  term  of  tlie  two,  especially  as  the  term 
rachis  is  applied  by  Willdenow  and  others,  without  much 
necessity  it  must  be  confessed,  to  the  petiole  and  midril  of 
Ferns.  In  the  spikelets  of  Grasses  the  rachis  has  an  unusual, 
toothed,  flexuose  appearance,  and  has  received  the  name  of 
scobina  from  Dumortier.  If  it  is  reduced  to  a  mere  bristle, 
as  in  some  of  the  single-flowered  spikelets,  the  same  writer  then 
distinguishes  it  by  the  name  of  acicTilcu 

When  the  part  which  bears  the  flowers  is  repressed  in  its 
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devclopemcnt,  so  lliat,  instead  of  being  lenglliened  into  a 
racliis,  it  fornia  a  flattened  area  on  which  the  flowers  are 
arranged,  it  becomes  what  ts  called  a  receptacle ;  or,  !n  the 
language  of  some  botanists,  the  receptacle  oftkejlower  {j£y.74.) 


When  the  receptacle  is  not  fleshy,  but  is  surrounded  by  an 
involucre,  it  is  called  the  climmthium  {the  tlialamut  of  Tour- 
nefort),  as  in  Compositee,  or,  in  the  language  of  Richard, 
phoranthium ;  the  former  term  is  that  genecalty  adopted  ; 
Lessing,  however,  calls  it  rackis.  But  if  the  receptacle  is 
fleshy,  and  is  not  enclosed  within  an  involucnun,  as  in  Dor- 
Btenia  and  Ficus  (^.  74.),  it  is  then  called  by  Link  Hypan- 
thodium  ;  the  same  writer  fonnerly  named  it  Amphanthium,  a 
term  now  abandoned.  With  receptacles  of  this  sort,  which 
are  depressed  and  distended  branches,  are  not  unfrequently 
confounded  parts  of  a  difierent  nature,  as  in  the  Strawberry, 
the  6o%  succulent  centre  of  which  (fig.  75.)  is  evidently  the 
growing  point  (see  p.  56.),  excessively  enlarged,  and  bearing 
the  carpels  upon  its  surface.      See  Disk,  further  on. 

According  to  the  different  modes  in  which  the  inflorescence 
is  arranged,  it  has  received  different  names,  the  right  applica- 
tion of  which  is  of  the  first  importance  in  descripdve  botany. 
If  flowers  are  sessile  along  a  common  axis,  as  in  Plantago,the 
inflorescence  is  called  a  spike  {£pi,  Fr.),  {Jig.  77.) ;  if  they  are 
pedicellate,  under  the  same  circumstances,  they  form  a  raceme 
{^appe,  Fr.),  {fy.  78.),  as  in  the  Hyacinth :  the  raceme  and 
the  spike  differ,  therefore,  in  nothing,  except  that  the  flowers 
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of  the  latter  are  sessile,  of  the  former  pedicellate.  These  are 
the  true  characters  of  the  raceme  and  spike,  which  have  been 
confused  and  misunderstood  in  a  most  extraordinary  manner 
by  some  French  writers. 


When  the  flowers  of  a  spike  are  destitute  of  calyx  anc 
corolla,  the  place  of  which  is  taken  by  bracts,  and  when 
with  such  a  formation  the  whole  inflorescence  falls  olF  in  a 
single  piece,  either  after  flowering  or  ripening  the  fruit,  as  in 
CoryluB,  Salix,  8(c.,  such  an  inflorescence  is  called  an  anuTititm 
or  catkin  [chaton,  Fr. ;  Catulut,  lulus,  nucamaittim,  of  old 
writers),  {Jff.82.) 

If  a  spike  consists  of  flowers  destitute  of  calyx  and  corolla, 
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the  place  of  which  is  occupied  by  bracts,  supported  by  other 
bractesB  which  enclose  no  flowers,  and  when  with  such  a  form- 
ation the  rachis,  which  is  flexuose  and  toothed,  does  not  fall 
off  with  the  flowers,  as  in  Grasses,  each  part  of  the  inflo- 
rescence so  arranged  is  called  a  spikelet  or  locusta  (epiUet^  Dec, ; 
paquet^  Toumefort). 

When  the  flowers  are  closely  arranged  around  a  flesliy 
rachis,  which  is  enclosed  in  the  kind  of  bract  called  a  spathe 
(see  p.  125.),  the  inflorescence  is  termed  a  spadix  {spadice  or 
poinfon^  Fr.),  (^.85.).  This  is  only  known  to  exist  in  Aroi- 
deae  and  Palms.  It  is  frequently  terminated,  as  at^.  85.,  by  a 
soft  club-shaped  mass  of  cellular  substance  which  extends  far 
beyond  the  flowers,  and  is  itself  entirely  naked :  this  is  an  in- 
stance of  a  growing  point  altogether  analogous  to  what  forms 
the  spine  of  a  branch,  except  that  it  is  soft  and  blunt,  instead 
of  being  hard  and  sharp-pointed. 

The  raceme  has  been  said  to  differ  from  the  spike  only  in 
its  flowers  being  pedicellate :  to  this  must  be  added,  that  the 
pedicels  are  all  of  nearly  equal  length ;  but  in  many  plants,  as 
Alyssum  saxatile,  the  lower  pedicels  are  so  long  that  their 
flowers  are  elevated  to  the  same  level  as  that  of  the  upper- 
most flowers ;  a  corymb  is  then  formed  {Jtg.  87.).  This  term 
is  frequently  used  in  an  adjective  sense,  to  express  a  similar 
arrangement  of  the  branches  of  a  plant  or  of  any  other  kind 
of  inflorescence :  thus,  in  Stevia,  the  branches  are  said  to  be 
corymbose ;  in  others,  the  panicle  is  said  to  be  corymbose ; 
and  so  on.  When  corymbose  branches  are  very  loose  and 
irregular,  they  have  given  rise  to  the  term  muscarium;  a  name 
formerly  used  by  Tournefort,  but  not  now  employed. 

If  the  expansion  of  an  apparent  corymb  is  centrifugal,  in- 
stead of  centripetal ;  that  is  to  say,  commences  at  the  centre, 
and  not  at  the  circumference,  as  in  Dianthus  Carthusianorum, 
we  then  have  the  fascicle  {Jtff>  83.) ;  a  term  which  may  not 
incorrectly  be  understood  as  synonymous  with  compound  c(h 
rymb.  The  modem  corymb  must  not  be  confounded  with  that 
of  Pliny,  which  was  analogous  to  our  capitulum. 

When  the  pedicels  all  proceed  from  a  single  point,  as  in 
Astrantia,  and  are  of  equal  length,  or  corymbose,  we  have 
what  is  called  an  umbel  (Jig.  80.).     If  each  of  the  pedicels 
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bears  a  single  flower,  as  in  Eryngium,  the  umbel  is  said  to  be 
simple  {Jig.  80.  a) ;  but  if  they  divide  and  bear  other  unibels, 
as  in  Heracleum,  the  umbel  is  called  compound ;  and  then 
the  assemblage  of  umbels  is  called  the  universal  umbely 
while  each  of  the  secondary  umbels,  or  th'fe  umbellules,  is 
named  a  partial  umbeL  The  peduncles  which  support  the 
partial  umbels  are  named  roe^it.  Louis  Claude  Richard  con- 
fined the  word  umbel  to  the  compound  form,  and  named  the 
simple  umbel  serttdum  (bouquet) ;  but  this  was  an  unnecessary 
change. 

Suppose  the  flowers  of  a  simple  umbel  to  be  deprived  of 
their  pedicels,  and  to  be  seated  on  a  receptacle  or  enlarged 
axis,  and  we  have  a  capitulum  or  head,  named  glomus  by  some, 
glomerulus  by  others.  If  this  is  flat,  and  surrounded  by  aa 
involucre,  the  compound  flower,  as  it  is  inaccurately  called 
by  the  school  of  Linnaeus,  of  Compositae,  is  produced ;  which 
is  often  named  by  modem  botanists  anthodium  ;  it  is  also  called 
cephalanthium  by  Richard,  calaihidium  by  Mirbel,  calathium 
by  Nees  von  Evenbeck.  The  flowers  or  florets  borne  by  the 
anthodiam  in  its  circumference  are  usually  ligulate,  and  differ- 
ent from  those  produced  within  the  circumference.  Those  in 
the  former  station  are  called  florets  of  the  ray  ;  and  those  in 
the  latter,  ^/fore/»  of  the  disk. 

All  the  forms  of  inflorescence  which  have  been  as  yet  men- 
tioned are  to  be  considered  as  reductions  of  the  spike  or 
raceme.  Those  which  are  now  to  be  described  are  decom- 
positions, more  or  less  irregular,  of  the  raceme. 

The  first  of  these  is  the  panicle  and  its  varieties.  The 
simple  panicle  differs  from  the  raceme  in  bearing  branches  of 
flowers  where  the  raceme  bears  single  flowers,  as  in  Poa 
(flg,  8L) ;  but  it  often  happens  that  the  rachis  itself  separates 
into  irregular  branches,  so  that  it  ceases  to  exist  as  an  axis,  as 
in  some  Oncidiums.  This  is  called  by  Willdenow  a  deliquescent 
panicle.  When  the  panicle  was  very  loose  and  difiiise,  the 
older  botanists  named  it  a  jvba  ;  but  this  is  obsolete.  If  the 
lower  branches  of  a  panicle  are  shorter  than  those  of  the 
middle,  and  the  panicle  itself  is  very  compact,  as  in  Syringa, 
it  then  receives  the  name  of  thyrsus. 

Suppose  the  branches  of  a  deliquescent  panicle  to  become 
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short  and  corymbose,  with  a  centrifiigal  expansion  indicated 
by  the  presence  of  a  solitary  flower  seated  in  the  axils  of  the 
dichotomous  ramifications,  and  a  clear  conception  is  formed  of 
what  is  called  a  cyme.  This  kind  of  inflorescence  is  found  in 
Sambucus,  Vibummn,  and  other  plants  {Jig,  84.). 

If  the  cyme  is  reduced  to  a  very  few  flowers,  such  a  dis* 
position  has  been  called  a  verticittaster  by  Hoffinans^g. 
(Verzeichniss  z.  Pflanz.  Cult.j  ii.  203.)  It  constitutes  the 
normal  form  of  inflorescence  in  Labiatse,  in  which  two  verti- 
cillastri  are  situated  opposite  to  each  other  in  the  axils  of  the 
opposite  leaves.  By  Linnaeus,  the  union  of  two  such  verticil- 
lastri  was  called  a  verHciUus  or  whorl ;  and  by  others,  with 
more  accuracy,  a  verHcitttu  spurius  or  false  whorL  Link  terms 
this  inflorescence  a  thyrsula  ;  but  Hofihians^g's  name  seems 
preferable. 

The  following  tabular  view  of  the  differences  in  in- 
florescences will  probably  tend  to  render  the  above  remarks 
more  clear: — 

Flowers  not  placed  on  stalks, 

arranged  upon  a  lengthened  axis, 

which  is  permanent.  Spike,  Locusta,  Spadix. 
which  is  deciduous.    Catkin. 
arranged  upon  a  depressed  axis,  Capitulum,  Anthodium. 
Flowers  placed  on  distinct  stalks, 

arranged  upon  a  lengthened  axis. 
Stalks  simple, 

and  of  equal  length,  Raceme. 
the  lowermost  the  longest. 

Inflorescence  centripetal,  Corymb. 

centrifugal,2^a«?icfe. 
Stalks  branched. 

Inflorescence  lengthened  and 

centripetal.  Panicle. 
___  depressed  and  cen- 
trifugal. Cyme,  VerHcilkuter. 
arranged  upon  a  depressed  axis,  UmbeL 

It  occasionally  happens,  as  in  tlie  Vine,  that  the  rachis  of 
some  of  the  masses  of  inflorescence  loses  its  flowers ;  but  at 


CHAP.  II.  CALYX.  135 

the  same  time  acquires  the  property  of  twining  round  any 
body  within  its  reach,  and  so  of  supporting  the  stem,  which 
is  too  feeble  to  support  itself.  Such  rachises  form  what  is 
called  a  spurious  curhus,  or  a  cirrhus  peduncularisi  and  are  a 
striking  exception  to  the  general  law  that  the  cirrhus  takes  its 
rise  from  the  petiole  or  midrib. 

6.    Of  the  Calyx. 

The  calyx  is  the  most  exterior  integument  of  the  Flower, 
consisting  of  several  verticillate  leaves,  either  united  by  their 
margins  or  distinct,  usually  of  a  green  colour,  and  of  a  ruder 
and  less  delicate  texture  than  the  corolla. 

Authors  have  long  disputed  about  the  definition  of  a  calyx, 
and  the  limits  which  really  exist  between  it  and  the  corolla : 
the  above,  which  is  copied  from  Link,  seems  to  be  the  only 
one  that  can  be  considered  ai^curate.  The  fact  is,  that  in 
many  cases  they  pass  so  insensibly  into  each  other,  as  in  Caly- 
canthus  and  Nymphaea,  that  no  one  can  say  where  the  calyx 
ends  and  the  corolla  begins,  although  it  is  evident  that  both 
are  present  Linneeus,  indeed,  thought  that  it  was  possible 
to  distinguish  them  by  their  position  with  regard  to  the 
stamens,  asserting  that  the  divisions  of  the  calyx  are  opposite 
those  organs  of  the  corolla  alternate  with  them ;  but,  if  this 
distinction  were  admitted,  the  corolla  of  the  Primrose  would 
be  an  inner  cal}rx,  which  is  manifestly  an  absurdity.  Jussieu 
defines  a  calyx  by  its  being  continuous  with  the  peduncle, 
which  the  corolla  never  is ;  and  this  may  seem  in  some  cases 
a  good  distinction ;  but  there  are  plenty  of  true  caljrxes,  of  all 
Papaveraceous  and  Cruciferous  plants,  for  instance,  in  which 
the  caljrx  is  deciduous,  and  not  more  continuous  with  the 
peduncle  than  the  corolla  itself.  The  only  just  mode  of  dis- 
tinguishing the  calyx  seems  to  me  to  be  to  consider  it  in  all 
cases  the  most  exterior  verticillate  series  of  the  integuments 
of  the  flower  within  the  bracts,  whether  it  be  half-coloured, 
deciduous,  and  of  many  pieces,  as  in  Cruciferae ;  membranous 
and  wholly-coloured,  as  in  Mirabilis ;  green  and  campanulate, 
or  tubular,  as  in  Laurus  and  Lythrum.  Upon  this  principle, 
whenever  there  is  only  one  series  of  floral  integuments,  that 
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series  is  the  caljrx.     A  calyx,  therefore,  can  exist  without  a 
corolla ;  but  a  corolla  cannot  exist  without  a  calyx. 

The  term  Perianth  is  sometimes  given  as  synonymous  with 
calyx ;  but  this  is  an  error. 

The  word  Perianth  signifies  the  caljrx  and  corolla  com- 
bined, and  is  therefore  strictly  a  collective  term.  It  should 
only  be  employed  to  designate  a  calyx  and  corolla,  the  limits 
of  which  are  undefined,  so  that  they  cannot  be  satisfactorily 
distinguished  from  each  other,  as  in  most  Monocotyledonous 
plants,  the  Tulip  and  the  Orchis  for  example.  But  since, 
even  in  such  plants  as  these,  there  can  be  no  reasonable  doubt 
that  the  three  outer  floral  leaves  are  the  caljrx,  and  the  three 
inner  the  corolla  (as  is  shown  both  by  Tradescantia  and  its 
allies,  in  which  the  usual  limits  between  calyx  and  corolla 
exist,  and  by  the  usual  origin  of  those  parts  in  two  distinct 
whorls),  the  utility  of  the  term  Perianth  is  rendered  ex- 
tremely confined.  It  is  often  a  mere  evasion  of  the  task  of 
ascertaining  the  exact  nature  of  the  floral  envelopes  in  doubtful 
cases.  Some  writers,  among  whom  are  Link  and  De  Can- 
dolle,  have  substituted  Perigonium  for  Perianthium :  but  the 
latter  is  in  most  common  use,  its  application  is  perfectly  well 
understood,  and  there  is  no  good  reason  for  its  being  changed. 
Ehrhart,  with  whom  the  name  Perigonium  originated,  caUed 
it  double  when  the  caljrx  and  corolla  are  evidently  distinct, 
and  single  if  they  are  not  distinguishable;  but  this  use  of 
terms  is  obsolete. 

The  divisions  of  a  calyx  are  called  its  sepals  (sepcda) ;  a 
term  first  invented  by  Necker,  and  recently  revived  by  De 
CandoUe.  Botanists  of  the  school  of  Linnaeus  call  them  the 
leaflets  or  foliola.  Link  says  the  word  sepalum  is  barbarous, 
and  proposes  to  substitute  phyllum.  The  sepals  are  generally 
longer  than  the  corolla  in  aestivation,  and  during  that  period 
act  as  its  protectors :  during  flowering  they  are  mostly  shorter. 

The  caljrx  in  ordinary  cases,  if  deciduous,  falls  off*  from  the 
peduncle  by  its  base.  In  many  cases  the  sepals  drop  off 
separately,  as  leaves  fall  from  the  stem ;  but  occasionally  they 
cohere  firmly  into  a  sort  of  cap  or  lid,  which  is  pushed  off 
entire  by  the  increase  of  the  corolla  and  stamens :  in  these 
cases  the  calyx  is  said  to  be  opercukUcy  if  it  falls  off  without 
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any  lateral  rupture  of  its  cap,  as  in  Eucalyptus ;  and  calyp^ 
trate,  if  at  the  period  of  falling  it  bursts  on  one  side,  as  in 
Eschscholtzia.  In  the  former  of  these  two  cases,  the  cohesion 
between  the  sepals  is  complete  and  never  destroyed ;  in  the 
latter,  two  of  the  sepals  separate,  the  cohesion  between  the 
remainder  continuing  complete. 

The  caljrx  of  Compositae  is  so  very  different  in  appearance 
from  the  caljrx  of  other  plants,  that  it  is  known  by  the  par- 
ticular name  of  pappus.  It  usually  consists  of  hair-like  pro- 
cesses proceeding  from  the  apex  of  the  ovary,  in  which  case  it 
is  said  to  he  pilose :  if  those  hairs  are  themselves  divided,  it  is 
plumose  ;  if  they  are  very  unusually  stiff,  it  is  setose^  in  which 
case  the  setae  are  often  reduced  in  number  to  two,  or  even 
one ;  if  the  divisions  of  the  pappus  are  broad  and  membranous 
it  is  said  to  be  paleaceous :  finally,  it  is  sometimes  reduced  to 
a  mere  rim :  in  which  case  it  is  said  either  to  be  marginate^ 
or  to  be  none  —  to  have  no  existence.  If  the  pappus  is  in 
two  rows,  which  it  occasionally  is,  the  inner  circle  only  is  to 
be  understood  as  calyx :  the  exterior  must  then  be  accounted 
bracts  or  paleae  of  the  receptacle  confluent  with  the  ovary. 

In  such  cases  as  those  above  mentioned,  where  the  caljrx  is  alto- 
gether obsolete,  the  definition  of  that  organ,  as  the  most  exter- 
nal of  the  floral  envelopes,  appears  to  be  destroyed ;  but  there 
can  be  no  doubt  that  it  is  present  in  the  form  of  a  membrane 
adhering  to  the  side  of  the  ovary,  although  it  is  not  visible  to 
our  eyes.  The  same  may  be  said  of  such  plants  as  those 
Acanthacese  (Introduction  to  the  Nat.  Syst.^  p.  233.),  in  which, 
although  the  caljrx  is  reduced  to  a  mere  ring,  yet  it  does  exist 
in  the  shape  of  that  ring. 

The  Calyx  being  composed  of  leaves  analogous  to  those  of 
the  stem,  but  reduced  in  size  and  altered  in  appearance,  it 
will  follow  that  it  is  subject  to  the  same  laws  of  developement 
as  stem-leaves ;  and,  as  the  latter,  in  all  cases,  originate  imme- 
diately from  the  axis,  below  those  that  succeed  them  in  the 
order  of  developement,  so  the  calyx  must  always  have  an 
origin  beneath  those  other  organs  which  succeed  it  in  the 
form  of  corolla,  stamen,  and  pistil  or  ovary.  Hence  has  arisen 
the  axiom  in  botany,  that  whatever  the  apparent  station  of  the 
calyx  may  be,  it  always  derives  its  origin  from  below  the 
ovary  :  nevertheless,  it  is  often  said  to  be  superior. 
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If  it  is  distinct  from  the  ovary,  as  in  Silene,  it  is  said  to  be 
inferior  (calyx  inferus,  or  liberus) ;  and  the  ovary  is  then  called 
superior  (ovarium  superum^  or  liberum)  (Plate  V.  fig.  3.) ;  but 
if  it  is  firmly  attached  to  the  sides  of  the  ovary,  so  that  it  can- 
not be  separated,  as  in  Myriophyllum,  it  is  then  called  superior 
{calyx  superus)^  and  the  ovary  inferior  (ovarium  infervm) 
(Plate  V.  fig.  7. 9.).  From  what  has  been  said  of  pappus  it 
will  be  obvious  that  it  is  a  superior  calyx. 

The  general  opinion  of  botanists,  in  regard  to  the  real 
nature  of  the  superior  calyx,  is  such  as  I  have  stated;  and 
the  accuracy  of  it  in  the  majority  of  cases  is  indisputable: 
but  it  is  by  no  means  certain  that,  in  some  instances,  what  is 
called  the  tube  of  the  calyx  is  not,  as  I  have  elsewhere  stated 
(Introduction  to  the  Natural  System,  p.  26.),  ^^  sometimes  a 
peculiar  extension  or  hollowing  out  of  the  apex  of  the  pedicel, 
of  which  we  see  an  example  in  Eschscholtzia,  and  of  which 
Rosa  and  Calycanthus,  and,  perhaps,  all  supposed  tubes  with- 
out apparent  veins,  may  also  be  instances."  And  if  tliis  be 
so,  the  superior  calyx  may  be  so  in  consequence  of  the 
cohesion  of  the  ovary  with  the  inside  of  an  excavated 
pedicel,  and  not  with  the  calyx  itself. 

When  the  sepals  cohere  by  their  contiguous  edges  into  a 
kind  of  tube  or  cup,  the  calyx  is  said  to  be  monophyllous  ;  an 
inaccurate  term,  which  originated  in  what  may  be  called  tlie 
dark  age  of  botany,  when  the  real  nature  of  organs  was 
unknown,  and  when  a  monophyllous  calyx  was  thought  to 
consist  really  of  a  single  leaf,  clipped  into  teeth  at  its  margin. 
To  avoid  this  inaccuracy,  the  word  gamosepalous  has  been 
proposed ;  but  as  the  real  nature  of  a  monophyllous  calyx  is 
now  understood,  changing  the  term  is  more  embarrassing  to 
the  student  than  profitable  to  science. 

Various  terms  are  employed  to  express  the  degree  in  which 
the  sepals  of  a  monophyllous  caljrx  cohere :  they  will  be  ex- 
plained in  Glossology.  When  no  cohesion  whatever  takes  place 
between  the  leaves  of  a  cal}rx,  the  term  sepalous  is  employed 
with  that  Greek  numeral  prefixed,  which  is  equivalent  to  the 
number  of  pieces ;  as,  for  example,  if  they  are  two,  the  calyx  is 
disepalous;  if  three,  trisepalous;  if  four,  tetrasqpalous,  and  so  on. 

Sometimes  the  calyx  has  certain  expansions  or  dilatations, 
as  in  Scutellaria  and  Salsola.     These  are  generally  named 


appendages,  and  such  a  calyx  is  said  to  be  appeudiculate ;  but 
Mcench  has  proposed  a  particular  tenn  for  them,  perapk^Uum, 
which  is,  however,  never  used. 

7.   Of  the  Corolla. 


That  envelope  of  the  flower  which  forms  a  second  wliorl 
within  the  calyx,  and  between  it  and  the  stamens,  b  called  tlie 
corolla.  Its  divisions  always,  without  exception,  alternate 
with  those  of  the  calyx,  and  are  called  peCaU,  Like  the 
sepals,  they  are  either  united  by  their  margins,  or  distinct ; 
but,  unlike  the  calyx,  they  are  rarely  green,  being  for  the  most 
part  either  white,  or  of  some  colour,  such  as  red,  blue,  or 
yellow,  or  of  any  of  the  hues  produced  by  their  intermix- 
ture.   The  corolla  is  generally  also  much  larger  than  the  calyx. 

Necker  called  the  corolla  perigyncaidra  interior,  and  Lin- 
nfeus  occasionally  gave  it  the  name  of  Aaiceum,  which  literally 
signifies  the  drapery  of  a  room. 

The  alternation  of  the  segments  of  the  corolla  with  those 
of  the  calyx  is  a  necessary  consequence  of  their  both  beuig 
modiiicacions  of  whorls  of  leaves,  and  therefore  subject  to  the 
same  laws  of  arrangement  If  two  whorls  of  leaves  are  exa- 
mined, those  of  Galium,  for  example,  they  will  always  be 
found  to  be  mutually  so  arranged,  that  if  the  intemode  that 
separates  them  were  removed,  they  would  exactly  alternate 
with  each  other ;  and  as  there  are  no  known  exceptions  to  this 
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law  in  real  leaves,  it  is  natural  that  it  should  not  be  departed 
from  in  any  modifications  of  them. 

When  the  petals  of  a  corolla  are  all  distinct,  then  the 
corolla  is  said  to  be  polypetalous  ;  but  if  they  cohere  at  all  by 
their  contiguous  margins,  so  as  to  form  a  tube,  it  then  be- 
comes what  is  called  monopetalous  ;  an  inaccurate  term  of  the 
same  origin  as  that  of  monophyllous,  in  regard  to  calyx  (see 
p.  138.),  and  for  which  that  oi  gamopetalous  has  been  some- 
times substituted. 

If  the  petals  adhere  to  the  bases  of  the  stamens,  so  as  to 
form  a  sort  of  spurious  monopetalous  corolla,  as  in  Malva 
and  Camellia,  such  a  corolla  has  been  occasionally  called 
catapetalom ;  but  this  term  is  never  used,  all  such  corollas 
being  considered  polypetalous. 

When  the  petals  are  confluent  into  a  monopetalous  corolla, 
they  constitute  what  is  called  a  tube;  the  orifice  of  which  is 
tlie  faux  or  throat  The  principal  forms  of  such  a  corolla 
are  rotate  (Jig.  94.),  hypocrateriform  (fig.  92.),  infundibu- 
liform  (fig.  95.),  campanulate  (fig.  69.),  and  labiate  (fig.  93.). 
When  the  divisions  of  a  monopetalous  corolla  do  not,  as  in 
Campanula,  spread  regularly  round  their  centre,  but  part 
take  a  direction  upwards,  and  the  remainder  a  direction 
downwards,  as  in  Labiatse,  the  upper  form  what  is  caUed  the 
upper  lip,  and  the  lower,  the  lower  lip^  or  hbellum ;  the  latter 
term  is  chiefly  applied  to  the  lower  lip  of  Orchideous  plants. 
If  the  upper  lip  is  arched,  as  in  Lamium  album,  it  is  termed 
the  galea  or  lielmet.  When  the  two  lips  are  separated  from 
each  other  by  a  wide  regular  orifice,  as  in  Lamium,  the 
corolla  is  said  to  be  labiate  or  ringerU ;  if  the  upper  and  lower 
sides  of  the  orifice  are  pressed  together,  as  in  Antirrhinum,  it 
is  personate  or  masked^  resembling  the  face  of  some  grinning 
animal.  In  the  latter  the  lower  side  of  the  orifice  is  elevated 
into  two  longitudinal  ridges,  divided  by  a  depression  corre- 
sponding to  the  sinus  of  the  lip ;  this  part  of  the  orifice  is 
called  the  palate.  In  ringent  and  personate  corollas  the 
orifice  is  sometimes  named  the  rictus  ;  but  this  term  is  super- 
fluous and  little  used. 

A  petal  consists  of  the  following  parts  :  —  the  limb  or  lamina 
(lame,  Fr.) ;  and  the  unguis  or  claw  (onglet,  Fr.).     The  claw 
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is  the  narrow  part  at  the  base  which  takes  the  place  of  the 
foot-stalk  of  a  leaf,  of  which  it  is  a  modificatioii ;  the  limb  is 
the  dilated  part  supported  upon  the  claw,  and  is  a  modifica- 
tion of  the  blade  of  a  leaf.  In  many  petals  there  b  no  claw, 
as  in  Rosa ;  in  many  it  is  very  long,  as  in  Dianthus.  When 
the  claw  is  present,  the  petal  is  said  to  be  tmffuicalate.  In 
some  unnaturally  deformed  flowers  tlie  limb  is  absent,  as  in 
the  garden  variety  of  Rose,  called  R.  CEillet,  in  which  the 
petals  consist  wholly  of  claw. 

According  to  the  manner  in  which  the  petals  of  a  polype- 
talous  corolla  are  arranged,  they  have  received  different  names, 
which  are  thus  defined  by  Link :  —  the  rosaceous  corolla 
(^.  97.)  has  no  claw,  or  it  is  very  small ;  the  liliaceout 
(^.  79.)  has  iu  ciawa  gradually  dilating  into  a  limb,  and 
standing  side  by  side ;  a  caryophyBaceous  has  long,  narrow, 
distant  claws;  the  aUinaceoua  has  short  distant  ones;  the 
cruciate  flower  has  four  valvaceous  sepals,  four  petals,  and  six 
stamens,  of  which  two  are  shorter  than  the  rest,  and  placed 
singly  in  front  of  the  lateral  sepals,  and  four  longer,  and 
standing  in  pairs  opposite  the  two  other  sepals.  If  the  corolla 
is  very  irregular,  with  one  petal  very  large  and  helmet-shaped, 
or  hooded,  as  in  Aconitum,  it  is  sometimes  called  cassideaus  ; 
if  it  resembles  what  is  called  labiate  in  monopetalous  corollas, 
it  is  termed  labiate.  The  corolla  of  the  Pea,  and  moat  Legu- 
minous plants,  has  received  the  fanciful  name  of  papiltonaceom 
or  butlerfly-shaped  {Jigs.  98,  99.);    in  98 

this  there  are  five  petals,  of  which  the 
upper  is  erect  and  more  expanded  than  ; 
the  rest,  and  is  named  the  itandard  or  ' 
vexillum  (^tendard,  Fr.) ;  the  two  late- 
ral lu^  oblong,  at  right  angles  with. the 
standard,  and  parallel  with  each  other, 
and  are  called  the  wiTys  or  ake  (ailes, 
Fr.);  and  the  two  lower,  shaped  like 
the  wings  and  parallel  with  them,  co- 
here by  their  lower  margin,  and  form 
the  heel  or  carina  (car^ne  or  nacelle, 
i^.).  The  wings  were  formerly  called 
talarts  by  Link,  and  the  keel  tcapkium  by  the  same  author. 
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When  the  corolla  is  very  small,  or  when  it  fonns  a  part  of 
an  anthodium,  it  is  called  caroHida :  that  of  a  floret  is  so  called. 

If  the  flower  has  no  corolla,  it  is  said  to  be  apetalaus. 

Sometimes  a  petal  is  lengthened  at  the  base  into  a  hollow 
tube,  as  in  Orchis,  &c. :  this  is  called  the  spur  or  calcoTj  and 
by  some  nectarotkeca. 

In  Umbelliferas  the  petal  is  abruptly  acuminate ;  and  the 
acumen  is  inflexed.     The  latter  is  named  the  lacintdcu 

A  corolla  is  said  to  be  regvlar  when  its  segments  form 
equal  rays  of  a  circle  supposed  to  be  described^  with  the 
axis  of  the  flower  for  a  centre.  If  they  are  unequal,  the 
corolla  is  called  irregvlar.  Equal  and  unequal  are  occasionally 
substituted  for  regular  and  irregular. 

In  anatomical  structure,  the  petal  should  agree  with  a  leaf, 
of  which  it  is  a  mere  modification ;  and,  in  fact,  it  does  so 
in  all  that  is  important,  its  differences  consisting  chiefly  in 
an  attenuation  and  colouring  of  the  tissue,  with  a  suppression  of 
woody  fibre.  Like  a  leaf,  petals  consist  of  a  flat  plate  of  paren- 
chyma, articulated  with  the  stem,  traversed  by  veins,  and  fre- 
quently having  stomates  upon  its  surface.  Their  veins  consist 
almost  entirely  of  delicate  spiral  vessels,  upon  which  the 
parenchyma  is  immediately  placed.  It  is  therefore  by  mis- 
take that  De  Candolle  has  stated  (Orgonogr^i  p.  454.)  that 
stomates  and  spiral  vessels  are  usually  absent.  The  latter  may 
be  very  readily  seen  in  the  corolla  of  Anagallis,  where  they 
form  a  beautiful  microscopical  object,  as  I  first  learned  firom 
Mr.  Solly. 

The  petals  are  usually  deciduous  soon  after  flowering,  or 
even  at  the  instant  of  expansion ;  a  very  rare  instance  of 
their  persistence  and  change  from  minute  colourless  bodies 
into  leafy,  richly  coloured  expansions,  occurs  in  Melanorrhaea 
usitatissima. 

Their  colours  are  due  to  the  secretion  within  the  Madders 
of  their  parench}rma  of  a  peculiar  substance:  even  white 
petals  are  so  in  consequence  of  the  deposit  of  an  opaque  white 
substance,  and  not  because  of  the  absence  of  colouring  matter. 

In  most  corollas  the  petals,  in  their  natural  state,  form  but 
one  whorl  within  that  of  the  calyx :  but  instances  exist  in 
which  they  naturally  are  found  in  Mveral  whorls,  as  in  Nymph- 


phiea,  Nuphar,  Minolta,  &c.  It  sometimes  happens  that,  if 
there  is  more  than  one  row  of  petals,  all  within  the  first  row 
assume  a  different  appearance  from  the  first ;  the  filamentous 
processefi  of  the  crown  of  Paaaiflora  are  also  apparently  of  th» 
nature 

The  petals  are  often  furnished  with  little  appendages 
(^  105  ),  which  are  either  inner  rows  of  petals  in  a  state  of 
adhesion  to  the  first  row,  or  modified  stamens  which  it  is 
sometimes  difficult  to  ascertwn,  but  always  certainly  one  of 
the  two  Many  of  these  enter  into  Linnieus  a  notion  of  luc- 
iantan,  although  nearly  the  whole  of  them  are  destitute  of 
any  power  of  secreting  nectar  or  honey 


The  most  common  form  of  appendage  is  the  commas  which 
proceeds  from  the  base  of  the  limb,  forming  sometimes  an  undi- 
vided cup,  as  in  Narcissus  {Jig.  104.),  when  it  becomes  the 
»a/phtu  of  Haller ;  sometimes  dividing  into  several  foliaceous 
erect  scales,  as  in  Silene  and  Broditea,  when  it  forms  the  lamella 
of  some  writers;  occasionally  appearing  as  cylindrical  or  clavate 
processes,  as  in  Schwenckia  and  Tricoryne,  where  it  is  mani- 
fesUy  modified  stamens ;  and  even  in  some  instances  forming 
a  thick  Bohd  mass  covering  over  the  ovarium,  and  adhering  to 
the  stamens,  as  in  Stapelia;  when  it  is  called  the  ffrHcuha, 
Parts  of  this  last  form  of  corona  bear  several  names,  which 
are  found  useful  in  avoiding  repetition  in  describing  the  com- 
plicated structure  of  this  kind  of  appendage.  The  whole  mass 
of  the  corona  is  the  orbicuhut  or  saccia,  or  Uylotegium ;  cer- 
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tain  horii-like  processes  are  comua,  or  liorns;  the  upper  end 
of  these  is  the  beak,  or  roatnan,  and  thcii'  back,  if  it  is  dilated 
and  compressed,  is  the  ala,  Qr  appendix ;  occasionally  diere  is 
an  additional  set  of  horns  proceeding  from  the  base  of  the 
orbiculus,  and  alternate  with  the  horns,  these  are  Hffti/tB ;  the 
circular  space  in  the  middle  of  the  top  of  the  orbiculus  is  the 
Kutum.  Brown  names  the  orbiculus  corona  stamiTiea,  and  its 
divisions^/io^  or  leaflets. 

In  some  plants,  as  Cynt^lossum,  the  lamelliE  are  very 
small,  Bcale-like,  and  overarch  the  orifice  of  the  tube ;  such 
have  received  the  name  of  fornix. 

Link  calls  every  appendage  which  is  referable  to  the  corolla 
a  paracoToUa ;  or,  if  consisting  of  several  pieces,  parapetalum ; 
and  every  appendage  which  is  referable  to  tlie  stamens  a 
parattemon.  The  filiform  rays  of  tlie  corona  of  Passiflora  the 
same  author  calls  parapkyses  or  parastadex. 

Mrencb  names  such  appendages  of  the  corolla  as  the  fila- 
mentous beard  of  Menyanthes  perapelalum,  and  Sprengel  calls 
the  same  thing  nectarili/ma. 

In  Ranunculus  there  exists  at  the  base  of  each  petal  a  little 
shining,  sometimes  elevated,  space  which  secretes  honey.  This 
is  tlie  true  nectarium  or  nectarostigma  of  Sprengel.  By  some 
writers  it  has  been  consideied  a  kind  of  reservoir,  in  which 
there  is  much  plausibility ;  but  it  seems  to  me,  from  analogy, 
to  be  a  barren  stamen,  united  with  the  base  of  the  petal,  and 
to  be  of  the  same  nature  as  the  lamella  of  other  plants. 

8.    Of  the  Stamens. 


CHAP.  II.  STAMENS.  145 

Next  the  petals,  in  the  inside,  are  seated  the  organs  called 
Stamens —  the  Apices  of  old  botanists.  These  constitute  the 
Andraecettm  or  male  apparatus  of  the  flower,  like  the  calyx  and 
corolla  are  modifications  of  leaves,  and  consist  of  theJUamentj 
the  anther,  and  the  pollen^  of  which  the  two  latter  are  essential : 
the  first  is  not  essential ;  that  is  to  say,  a  stamen  may  exist 
without  a  filament,  but  it  cannot  exist  without  an  anther  and 
pollen.  All  bodies,  therefore,  which  resemble  stamens,  or 
which  occupy  their  place,  but  which  are  destitute  of  anther, 
are  either  petals,  or  appendages  of  the  petals,  or  abortive 
stamens. 

As  the  petals  are  naturally  alternate  with  the  sepals,  so  the 
natural  station  of  the  stamens,  if  of  equal  niunber  with  the 
petals,  is  alternately  with  them ;  and  all  deviations  fi-om  this 
law  are  to  be  understood  as  irr^ularities  arising  from  tlie 
suppression  or  addition  of  parts.  Thus,  when  hi  the  Primrose 
we  find  the  stamens  opposite  the  segments  of  the  corolla, 
and  equal  to  them  in  number,  it  is  to  be  supposed  that  those 
stamens  which  are  present  constitute  the  second  of  two  rows 
of  which  the  exterior  is  not  developed ;  and  when  in  Silene 
we  find  the  stamens  ten,  while  the  petals  are  five,  the  former 
are  to  be  considered  to  consist  of  two  rows,  although  appear- 
ing to  consist  of  one.  Tliis  may  be  understood  by  examining 
Oxalis,  in  which  the  stamens  are  all  apparently  in  one  row, 
but  are  alternately  of  different  lengths.  When  the  number 
of  stamens  exceeds  twice  that  of  the  petals,  they  will  still 
be  divisible  by  the  niunber  of  which  they  were  at  first  a 
multiple,  until  their  number  is  excessively  increased,  when 
they  seem  to  cease  to  bear  any  kind  of  proportion  to  the 
petals. 

Tlie  stamens  always  originate  from  the  space  between  the 
base  of  the  petals  and  the  base  of  the  ovary.  But  botanists 
are  nevertheless  in  the  habit  of  saying  that  they  are  inserted 
into  the  calyx  or  corolla  (Jig.  120.)  (perigyrums),  or  under  tlie 
pistil  (/^.  118.)  {hypogynous),  or  into  the  pistil  (^.  119.) 
{epigymms},  all  expressions  inaccurate  and  leading  to  erroneous 
notions  of  structure.  The  student,  therefore,  must  understand, 
that  when  in  the  Primrose  the  stamens  are  said  to  be  inserted 
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into  the  mouth  of  the  corolla,  it  is  meant  that  they  cohere 
with  the  corolla  as  far  as  the  moutli,  where  they  first  separate 
from  it ;  when  in  the  Rose  they  are  said  to  be  inserted  into 
the  calyx,  it  is  meant  that  they  cohere  with  the  calyx  up  to  a 
certain  point,  where  they  separate  from  it ;  when  in  Arabis 
they  are  said  to  be  inserted  under  the  pistil,  it  is  meant  that 
they  cohere  witli  neither  calyx  nor  corolla,  but  stand  erect 
from  the  point  which  immediately  produces  them ;  and  finally, 
when  in  Orchis  or  Heracleum  they  are  said  to  be  inserted  into 
the  pistil,  such  an  expression  is  to  be  taken  as  meaning  that  they 
cohere  with  the  pistil  more  or  less  perfectly.  For  excellent  argu- 
ments in  support  of  this  hypothesis,  see  Dunal's  Considerations 
sur  la  Nature  et  les  Rapports  de  quelques  uns  des  Organes  de  la 
Fleur.  I  do  not  use  them,  or  any  such,  here,  because  it  seems 
to  be  so  self-evident  a  fact,  when  once  pointed  out,  as  to  re- 
quire no  demonstration. 

Wlien  the  filaments  are  combined  into  a  single  mass,  the 
mass  is  said  to  be  a  brotherhood  or  an  adelphia :  if  there  is 
one  combination,  as  in  Malva,  they  are  monadelphous  {Jig,  114.); 
if  two,  as  in  Fumaria  or  Pisum,  diadelphous  ;  if  three,  as  in 
some  Hypericums,  triadelphous  ;  if  several,  as  in  Melaleuca, 
polgadelphotis  {^Jig.  112.).  The  tube  formed  by  the  union  of 
the  filaments  in  a  monadelphous  combination  is  called,  by 
Mirbel,  androphorum. 

If  the  stamens  are  longer  than  the  corolla  they  are  exserted; 
if  shorter,  they  are  called  included:  when  they  all  bend  to  one 
side,  as  in  Amaryllis,  they  are  declinate  ;  if  two  out  of  four  are 
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shorter,  they  are  didynamotis.;  if  four  out  of  six  are  longest, 
they  are  tetradynamous. 

The  number  of  stamens  is  indicated  by  a  Greek  numeral 
prefixed  to  the  word  androus,  which  signifies  male,  thus :  — 

One  stamen  is  Monandrous. 

Two  —  Diandrous. 

Three  —  Triandrous. 

Four  —  Tetrandrous. 

Five  —  Pentandrous. 

Six  —  Hexandrous. 

Seven  —  Heptandrous. 

Eight  —  Octandrous. 

Nine  —  Enneandrous. 

Ten  —  Decandrous. 

Eleven  or  twelve  stamens,  Dodecandrous. 

Twelve  to  twenty  —  Icosandrous. 

Above  twenty  —  Polyandrous,  or  Indefinite. 

The  JUament  (Plate  III.)  (capillamentum^  or  pediculus^  of 
some)  is  the  part  that  supports  the  anther.  It  consists  of  a 
bundle  of  delicate  woody  tissue  and  spiral  vessels,  surrounded 
by  cellular  tissue,  and  is  in  all  respects  the  same  as  the  petiole 
of  a  leaf,  of  which  it  is  a  modification,  except  that  its  parts  are 
more  delicate.  As  the  petiole  is  unessential  to  the  leaf,  so  is 
the  filament  to  the  anther,  it  being  frequently  absent,  or  at 
least  so  strictly  united  to  the  sides  of  the  caljTc  or  corolla  as  to 
be  undistinguishable.  Its  most  common  figure  is  filiform  or 
cylindrical  (Plate  III.  fig.  12,  13.  20,  21.),  and  it  is  almost 
always  destitute  of  colour ;  but  there  are  exceptions  to  both 
these  characters.  In  Fuchsia,  for  instance,  the  filaments  are 
red  like  the  petals ;  in  Adamia  they  are  blue ;  in  CEnothera 
they  are  yellow ;  and  a  return  to  the  foliaceous  state  of  which 
they  usually  are  a  distinct  modification  is  by  no  means  rare. 
(Plate  IV.  fig.  6.  8.)  Thus  the  filament  in  Canna  is  undis- 
tinguishable fi'om  petals  except  by  its  having  an  anther; 
in  the  same  genus  and  its  allies,  and  in  all  Scitaminese,  the 
inner  series  of  what  seem  to  be  petals  are  modifications  of 
filaments  (see  Introduction  to  the  Nat.  Syst,  p.  265.) :  and  this 
is  a  very  common  circumstance  in  sterile  stamens. 
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The  filament  also  varies  in  other  respects :  in  Thalictrum 
it  is  tliickest  at  the  upper  end,  or  clavate  (Plate  III.  fig.  23.); 
in  Mahemia  geniculate  (Plate  III.  fig.  25.),  in  Hirtella 
spiral,  in  Crambe  bifurcate,  in  Anthericum  bearded  or  stupose. 
In  some  plants  the  filaments  are  combined  into  a  solid  body 
called  the  columna,  as  in  Stapelia,  Stylidium  (Plate  IV.  fig.  1, 
2,  3.),  Rafflesia,  and  others:  this  has  in  Orchideae  received 
from  Richard  the  name  oS  gynostemium. 

Care  must  be  taken  not  to  confound  the  pedicel  and  single 
stamen  of  the  naked  male  flowers  of  Euphorbia  with  a  fila- 
ment, as  was  done  by  all  writers,  until  Brown  detected  the 
error.     For  modifications  of  filaments  see  Plates  III.  and  IV. 

The  Anther  (Theca  of  Grew;  Capstda,  Malpighi;  Apex, 
Ray ;  Testiculus  or  Testis,  Vaillant ;  Capitulum,  Jungius ;  Sper- 
matocystidium,  Hedwig)  is  a  body  generally  attached  to  the 
apex  of  the  filament,  composed  of  two  parallel  lobes  or  cells 
{thecce,  or  coniothecce,  or  loculi),  containing  ^oZ&n,  and  imited 
by  the  connective.  It  consists  entirely  of  cellular  tissue,  with 
the  exception  sometimes  of  a  bundle  of  very  minute  vascular 
tissue,  which  diverges  on  each  side  from  the  filament,  and 
passes  through  that  part  of  the  anther  from  which  the  pollen 
has  been  incorrectly  supposed  to  separate,  and  which  is 
called  the  receptacle  of  the  pollen  by  some,  the  trophopoUen  by 
Turpin,  and  the  raphe  by  Link,  but  with  greater  propriety 
the  septum  of  the  anther.  Its  coat  is  called  by  Purkinje 
exothecium. 

In  the  most  common  state  of  the  anther  tlie  cells  are  parallel 
with  each  other  (Plate  III.  fig.  14.),  and  open  with  two 
valves  (Plate  III.  fig.  13.  a),  by  a  longitudinal  fissure  from 
the  base  to  the  apex;  in  Labiatse  and  Scrophularineae  the 
cells  diverge  more  or  less  at  the  base  (Plate  III.  fig.  15.  18.), 
80  as  in  some  cases  to  assume  the  appearance  of  a  one-celled 
horizontal  anther,  especially  after  they  have  burst.  In  Cu- 
curbitacess  the  lobes  are  very  long  and  narrow,  sinuous,  and 
folded  back  upon  themselves  (Plate  III.  fig.  24.)  In  Salvia 
the  connective  divides  into  two  unequal  portions,  one  of  which 
supports  a  cell  and  the  other  is  cell-less;  in  this  case  the 
connective  has  been  called  by  Richard,  distractile.  Lacistema 
(Plate  IV.  fig.  7.)  affords  another  instance  of  a  divided  con- 
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nective.  In  many  of  the  cases  of  excessive  divergence  of  the 
cells  the  line  of  dehiscence  of  the  anther  is  changed  from  lon- 
gitudinal to  vertical  (Plate  III.  fig.  20. 17.),  and  has  actually 
been  supposed  to  be  really  transverse ;  an  error  which  in  most 
cases  has  arisen  from  not  understanding  the  real  structure  of 
the  anther.  Some  anthers,  however,  no  doubt  have  cells  that 
burst  transversely,  as  Lemna,  Alchemilla  arvensis,  Securi- 
nega,  &c     (See  Plate  III.  %.  12.  16.  30.) 

All  anthers  are  not  two-celled,  their  internal  structure 
being  subject  to  several  modifications.  It  sometimes  happens 
that  the  septum,  instead  of  being  very  obscurely  formed,  pro- 
jects forward  into  the  cavity  of  the  anther,  till  it  meets  the 
inflexed  lips  of  the  fissure :  in  such  a  case  the  anther  is  spu- 
riously .four-celled,  as  in  Tetratheca.  In  Epacris  the  two 
parallel  cells  become  confluent  into  one,  and  the  anther  is 
therefore  one-celled.  In  Maranta  and  Canna  only  one  cell 
is  produced,  the  other  being  entirely  suppressed.  In  most 
Amarantacese,  and  some  other  plants,  the  anther  seems  to  be 
absolutely  one-celled.     (Plate  IV.  fig.  8.) 

Other  deviations  from  the  normal  form  of  anther  occur, 
which  are  less  easy  to  reconcile  with  the  idea  of  a  two-celled 
type.  In  some  Laurineae  the  anther  is  divided  into  four  cells, 
one  placed  above  the  other  in  pairs ;  in  ^giceras  it  consists 
of  numerous  little  cavities ;  and  in  the  singular  genus  Rafflesia 
the  interior  is  separated  into  many  cellules  of  irregular  figure 
and  position,  described  by  Brown  as  '^  somewhat  concentrical, 
longitudinal,  the  exterior  ones  becoming  connivent  towards 
the  apex,  sometimes  confluent,  and  occasionally  interrupted 
by  transverse  partitions."  In  these  instances  the  septa  may 
be  understood  to  arise  from  portions  of  the  cellular  tissue  of 
the  anther  remaining  unconverted  into  pollen. 

With  regard  to  the  deviation  firom  the  usual  mode  of  de- 
hiscence. Brown  observes  (Liruu  Trans,  xiii.  214.),  <<  that 
they  are  numerous:  in  some  cases  consisting  either  in  the 
aperture  being  confined  to  a  definite  portion,  —  generally  the 
upper  extremity  of  the  longitudinal  furrow,  — -  as  in  Dillenia 
and  Solanum;  in  the  apex  of  each  theca  being  produced 
beyond  the  receptacle  of  the  pollen  into  a  tube  opening  at 
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top,  as  in  several  Ericineae  (Plate  III.  fig.  22.);  or  in  tlie 
two  thecae  being  confluent  at  the  apex,  and  bursting  by  a 
conunon  foramen  or  tube,  as  in  Tetratheca  (See  Plate  IV. 
fig.  4.).  In  other  cases  a  separation  of  determinate  portions 
of  the  membrane  takes  place,  either  the  whole  length  of  the 
theca,  as  in  Hamamelideae  and  Berberideae,  or  corresponding 
with  its  subdivisions,  as  in  several  Laurineas,  or  lastly,  having 
no  obvious  relation  to  internal  structure  as  in  certain  species 
of  Rhizophora.  In  Laurineae  and  Berberideae  the  anthers  are 
teclmically  said  to  burst  by  valves  (Plate  IV.  fig.  10,  11.), 
that  is  to  say,  the  dehiscence  does  not  take  place  by  a  cen- 
tral line,  but  the  whole  face  of  the  cell  separates  from  the 
anther,  and  curls  backwards,  adhering  to  it  only  at  the  apex 
to  which  it  is,  as  it  were,  hinged. 

The  cells  of  the  anther  have  frequently  little  appendages, 
as  in  different  species  of  Erica,  when  they  resemble  setae, 
aristae,  or  crests.     (Plate  III.  fig.  29.) 

The  anthers  are  attached  to  the  filament  either  by  their 
base,  when  they  are  called  innate  (Plate  III.  fig.  27.  21.  23.), 
or  by  their  back,  when  tliey  are  adnate  (Plate  III.  fig.  13.), 
or  by  a  single  point  of  the  connective  from  which  they  lightly 
swing :  in  the  latter  case  they  are  said  to  be  versatile.  This 
form  is  common  to  all  true  Grasses. 

When  the  line  of  dehiscence  is  towards  the  pistil,  the 
anthers  are  called  by  Brown  anticce^  but  by  other  botanists 
introrscBj  or  turned  inwards :  when  the  line  is  towards  the 
petals  they  are  said  by  Brown  to  be  posticcB^  and  by  other 
botanists  to  be  extrorscB,  or  turned  outwards. 

The  connective  is  usually  continuous  with  the  filament, 
and  terminates  just  at  the  apex  of  the  anther;  but  in  some 
plants,  as  Compositae,  it  is  articulated  with  the  filament 
(Plate  IV.  fig.  5.).  In  others  it  is  lengthened  far  beyond  the 
apex  (Plate  IV.  fig.  6.  9.),  now  into  a  kind  of  crest,  as  in  many 
Scitamineae ;  now  into  a  sort  of  horn,  as  in  Asclepiadeae ;  now 
into  a  kind  of  secreting  cup-like  body  articulated  with  the 
apex,  as  in  Adenostemon.  Very  frequently  it  is  enlarged  in 
various  ways.  For  cases  of  this  kind  see  Plates  III.  and  IV. 
Its  being  sometimes  two-lobed,  or  forked,  has  been  already 
noticed  (Plate  IV.  fig.  7.).     The  lining  of  the  anther  ha$ 
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received  particular  illustration  from  Purkinje,  who  calls  it 
endothecium^  and  who  has  found  that  it  consists  of  that  very 
remarkable  kind  of  tissue  which  has  been  already  described 
under  the  name  of  fibro-cellular.  According  to  that  bo- 
tanist the  forms  of  this  tissue  are  extremely  variable,  the 
bladders  being  sometimes  oblong,  sometimes  round,  frequently 
cylindrical,  usually  fully  developed,  or,  in  some  cases,  merely 
rudimentary;  the  bladders  are  in  some  species  erect,  in  others 
decumbent ;  but  in  all  cases  more  or  less  fibrous.  (See  Plate  I. 
figs.  4.  13,  14,  15.  18,  19,  20.)  For  an  elaborate  treatise  on 
the  subject  see  Joh.  Ev.  Purkinje  de  CeUulis  Antkerarum 
Fibrosis.  Vratislaviae,  1830.  4to,  with  18  plates. 

The  pollen  is  the  pulverulent  substance  which  fills  the  cells 
of  the  anthers :  it  consists  of  a  multitude  of  little  grains, 
most  commonly  called  granules^  or  sometimes  utriculi, 

Gleichen  considered  pollen  to  take  its  origin  in  the  midst 
of  a  mucilaginous  mass,  occupying  the  cells  of  the  anther,  and 
merely  becoming  indurated  and  solidified  towards  maturity. 
Brown,  in  the  year  1820,  without  entering  into  any  details  on 
the  subject,  described  it  {Lirni.  Trans,  xiii.  211.)  as  produced 
on  tlie  surface  or  in  the  cells  of  a  pulpy  substance  with  which 
the  thecsB  are  filled.  But  this  hypothesis  is  objected  to  by 
Link  {Elem.  294.).  Guillemin  {Recherches  p.  5.)  declares  that 
the  granules  are  always  arranged  in  regular  rows,  and  gene- 
rally in  the  direction  of  the  valves,  and  that  they  are  always 
distinct,  at  first  floating  in  a  viscid  liquid,  but  finally  quite 
separate  from  it.  Adolphe  Brongniart  concludes,  firom  a 
series  of  very  interesting  observations,  "  that  the  pollen  is 
formed  in  the  interior  of  the  cells  of  a  single  and  distinct 
cellular  mass,  which  fills  each  cavity  of  the  anther  without  ad- 
hering to  its  walls,  and  consequently  without  being  a  continu- 
ation of  the  parenchyma  of  that  organ,  from  which  it  also 
differs  in  the  size  and  form  of  the  cells  that  compose  it ;  that 
sometimes  these  cells,  which  are  at  first  in  close  cohesion,  se- 
parate from  each  other,  when  each  becomes  a  grain  of  pollen ; 
and  that  sometimes  the  cells  contain  an  uncertain  number  of 
grains  of  pollen,  which,  at  the  time  of  their  perfect  developemen  t, 
rupture  and  almost  entirely  destroy  their  membrane,  some 
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remains  of  which  may  occasionally  be  found  among  the  grains 
of  pollen. 

In  1831,  Brown  speaks  thus  of  the  evolution  of  the  pollen 
of  Tradescantia  virginica.  "  In  the  very  early  stage  of  the 
flower  bud,  while  the  antherae  are  yet  colourless,  their  loculi 
are  filled  with  minute  lenticular  grains,  having  a  transparent 
flat  limb,  with  a  slightly  convex  and  minutely  granular  semi- 
opake  disk.  This  disk  is  the  nucleus  of  the  cell,  which  pro- 
bably loses  its  membrane  or  limb,  and,  gradually  enlarging, 
forms  in  the  next  stage  a  grain  also  lenticular,  and  which  is 
marked  either  with  only  one  transparent  line,  dividing  it  into 
two  equal  parts,  or  with  two  lines  crossing  at  right  angles,  and 
dividing  it  into  four  equal  parts.  In  each  of  the  quadrants  a 
small  nucleus  is  visible :  and  even  where  one  transparent  line 
only  is  distinguishable,  two  nuclei  may  often  be  found  in  each 
semicircular  division.  Tliese  nuclei  may  be  readily  extracted 
from  the  containing  grain  by  pressure,  and,  after  separation, 
retain  their  original  form.  In  the  next  stage  examined,  the 
greater  number  of  grains  consisted  of  the  semicircular  di- 
visions already  noticed,  which  had  naturally  separated,  and 
now  contained  only  one  nucleus,  which  had  greatly  increased 
in  size.  In  the  succeeding  state  the  grain  apparently  con- 
sisted of  the  nucleus  of  the  former  stage,  considerably  enlarged, 
having  a  regular  oval  form,  a  somewhat  granular  surface,  and 
originally  a  small  nucleus.  This  oval  grain  continuing  to  in- 
crease in  size,  and  in  the  thickness  and  opacity  of  its  mem- 
brane, acquires  a  pale  yellow  colour,  and  is  now  the  perfect 
grain  of  pollen."     (On  Orchid,  and  Asclep,  p.  21.) 

There  are  no  observations,  however,  upon  this  subject  which 
can  be  compared  to  those  of  Mirbel  for  clearness  of  descrip- 
tion, elaborate  detail,  and  beautiful  illustration.  By  beginning 
his  enquiry  at  the  very  earliest  period,  when  the  organisation 
of  the  anther  can  be  discovered,  he  has  been  enabled  to  ex- 
plain what  was  before  obscure,  and  to  correct  what  has  been 
either  inaccurately  or  imperfectly  described.  In  1832,  he 
examined  th6  developement  of  pollen  in  the  anther  of  a 
Gourd.  He  states  that  ^'  when  the  flower  bud  of  this  plant 
is  about  a  line  in  length,  each  lobe  of  the  anther  is  entirely 
composed  of  cellular  tissue,  the  bladders  of  which  present  in 
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general  a  pentagonal  or  hexagonal  figure  more  or  less  regular 
when  cut  across.  In  every  cell,  without  excepting  even  those 
which  constitute  the  superficial  layer  of  the  lobe,  are  certain 
loose  particles,  of  such  extreme  minuteness  that  a  magnifying 
power  of  500  or  600  diameters  is  required  to  examine  Uiem  sar 
tisfactorily.  I  cannot  compare  them  to  anything  better  than 
to  little  transparent  bladders,  nearly  colourless,  more  or  less 
rounded,  and  of  an  equal  size.  I  examined  the  cells  of  the 
lobe  of  the  anther  one  by  one ;  and  I  affirm  that,  at  this  early 
period,  there  is  no  trace  of  either  the  cells  of  the  anther  or  of 
the  grains  of  pollen.  The  whole  of  the  tissue  is  perfectly 
unifornL  In  a  flowerbud,  but  little  larger  than  the  first,  I  re- 
marked on  each  side  of  the  medial  line  of  the  slice  a  group, 
consisting  of  a  few  bladders,  which  were  ratlier  larger  than 
the  others,  but  otherwise  like  them.  These  larger  bladders  I 
propose  to  call  poUennieUs^  seeing  that  it  is  in  their  inside  that 
the  pollen  is  organised.  In  flowerbuds,  from  1^  to  2  lines 
in  length,  some  remarkable  changes  were  observable.  The 
pollen-cells  had  become  larger ;  their  granules  were  so  much 
multiplied  that  they  were  grouped  and  packed  in  opaque 
masses,  and  wholly  filled  the  cells.  These  cells  and  granules 
together  constituted  a  greyish  body,  joined  to  the  rest  of  the 
tissue  by  the  intervention  of  a  cellular  membrane, — a  sort  of 
integument  which,  notwithstanding  its  organic  continuity  with 
the  surrounding  parts,  was  readily  distinguishable ;  for  while 
the  bladders  of  the  surrounding  parts  lengthened  parallel  to 
the  plane  of  the  surface,  and  to  the  plane  of  the  base  of  the 
anther ;  those  of  the  integument  lengthened  from  the  centre 
to  the  circumference.  In  anthers  a  little  further  advanced, 
the  sides  of  the  pollen  cells,  instead  of  being  thin  and  dry  as 
they  had  previously  been,  acquired  a  notable  thickness,  and 
their  substance,  gorged  with  fluid,  resembled  a  colourless 
jelly.  The  cellular  integument  continued  to  adhere  by  its 
outer  &ce  to  the  lining  of  the  cell  of  the  anther,  and  by  its 
inner  face  to  the  tissue  formed  by  the  pollen  cells.  Three  and 
a  half  or  four  lines  of  length  in  the  flower-bud  corresponded 
with  a  phenomenon  altogether  unexpected.  At  first  the 
thick  and  succulent  wall  of  each  pollen  cell  dilated,  so  as  to 
leave  a  void  between  its  inner  face  and  the  granules,  not  one 
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of  which  separaited  from  the  mass,  which  proved  tliat  a  force 
of  some  kind  held  them  together.  Shortly  after  four  append- 
ages, like  knife  blades,  developed  at  equal  distances  on  the 
inner  face  of  the  pollen  cell,  and  gradually  directed  their  edge 
towards  the  centre,  so  that  they  began  by  cleaving  the  granu- 
lar mass  in  four  different  lines,  and  finished  by  dividing  it 
into  four  little  triangular  masses ;  and  when  tlie  appendages 
met  in  the  centre  they  grew  together,  and  divided  the  cavity 
of  the  pollen  cell  into  four  distinct  cavities,  which  soon 
after  rounded  off  their  angles,  and  in  a  short  time  the  little 
granular  masses  became  spherical,  like  melted  lead  run  into 
the  hollow  of  a  bullet-mould.  The  partition  of  the  mass  thus 
brought  about  by  the  appendages  seems  to  me  to  indicate  thatat 
this  period  the  mass  was  not  protected  by  a  special  integument, 
and  that  the  mutual  adhesion  of  tlie  granules  was  very  weak. 

"  When  things  had  arrived  at  this  point,  the  portion  of  the 
tissue  formed  by  the  pollen  cells  separated  itself  from  the 
surrounding  parts,  and  each  pollen  cell  became  loose,  gene- 
rally in  the  form  of  a  square  parallelopiped  with  rounded 
angles;  each  little  mass  of  granules  gained  a  smooth,  colourless, 
transparent  membrane,  which  was  at  first  membranous  but 
afterwards  became  thick  and  succulent,  and  soon  began  to 
take  on  the  characters  peculiar  to  the  pollen  of  the  gourd. 
The  integument  began  to  bristle  with  fine  conical  papillce ; 
several  roundish  lids  were  traced  out  here  and  there  on  its 
surface ;  it  hardened,  became  opaque,  assiuned  a  yellpw  colour, 
ceased  to  grow,  and  attained  its  perfect  maturity."  Mirbel 
adds  to  this  highly  interesting  statement,  that  he  finds  in  the 
generality  of  plants  that  the  mode  of  forming  the  pollen  is 
much  the  same  as  in  the  Gourd. 

The  granules  of  pollen  are  conunonly  distinct  from  each 
other.  They  are,  nevertheless,  in  certain  cases,  found  in 
various  states  of  cohesion.  In  some  plants  they  cohere  in 
threes  or  fours,  as  in  many  Orchideae;  or  in  clusters  of  many 
grains,  as  in  Acacia  (Plate  IV.  fig.  28.).  In  some,  as  the 
Fuchsia,  CBnothera,  &c.,  they  hang  together  by  a  sort  of 
cobweb  substance,  which  is  the  remains  of  the  cellular  matter 
in  which  they  were  engendered.  In  other  cases  they  coalesce 
in  masses,  having  a  waxy  texture  and  colour,  and  occupying 
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the  whole  eavity  of  a  cell  of  the  anther,  as  in  Asclepiadeae. 
But  the  most  curious  instances  of  the  cohesion  of  the  grains 
of  pollen  is  to  be  found  in  Orchideae ;  in  which  some  genera 
have  the  pollen  in  its  common  pulverulent  state,  with  no 
remains  of  tlie  cellular  substance  in  which  it  was  developed ; 
others  have  the  granules  held  together  by  some  of  the  cellular 
substance  in  an  elastic  state,  and  forming  a  distinct  appendage 
to  the  pollen  called  the  caudicula;  while  others  have  the  grains 
united  either  by  threes  or  fours,  or  in  wedge-shaped  masses, 
or  in  a  hard,  dry,  solid  body.  It  appears  from  Mr.  Fran- 
cis Bauer's  observations,  that  the  masses  of  pollen  of  both 
Asclepiadeae  and  Orchideae,  in  the  most  solid  state  are  really 
cellular,  the  grains  of  pollen  being  contained  in  cavities,  the 
walls  of  which  are  either  separable  from  each  other  as  in  some 
Orchideae,  or  are  ruptured  without  a  separation  of  the  cavities 
as  in  Asclepiadeae.  (See  the  Observations  an  OrchidecB  and 
AsclepiadecB  before  referred  to.)  And  this  is  quite  in  con- 
formity with  Mirbel's  account  of  the  origin  of  the  pollen  in 
the  Gourd. 

The  granules  are  generally  discharged  at  once,  upon  the 
dehiscence  of  the  anther,  or  at  least  are  at  that  time  wholly 
formed.  But  in  some  Aroideae,  which  emit  their  pollen  by  a 
hole  in  the  apex  of  their  anther,  the  formation  or  develope- 
ment  of  pollen  must  be  going  on  for  a  considerable  time  after 
the  first  emission.  A  single  anther  continues  to  secrete  and 
discharge  pollen,  till,  as  Brown  remarks,  the  whole  quan- 
tity produced  greatly  exceeds  the  size  of  the  secreting  organ. 

The  surface  of  the  pollen  is  commonly  smooth.  In  some 
plants  it  is  hispid,  as  in  the  Gourd  and  Ipomaea  purpurea ;  in 
others  it  is  covered  with  strong  points,  as  Hibiscus  syriacus ; 
and  in  all  cases,  when  there  are  asperites  of  the  surface  or 
angles  in  its  outline,  it  is  asserted  by  Guillemin  to  have  a 
mucous  surface,  which  was  first  observed  in  Proteaceae  by 
Brown. 

The Ji^re  of  the  granules  is  various ;  most  frequently  it  is 
spherical  or  slightly  oblong.  Many  other  forms  have,  how- 
ever, been  described.  The  cylindrical  exists  in  Anethum 
segetura,  and  in  a  very  remarkable  degree  in  Tradescantia 
virginica,  where  the  grains  become  curved.  In  Colutea  arbor- 
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escens,  they  were  observed  by  Guillemin  to  be  nearly  square ; 
in  Lavatera  acerifolia  to  be  oval,  much  attenuated  to  each  end. 
In  CEnothera  they  are  triangular,  with  the  angles  so  much 
dilated  as  to  give  the  sides  a  curved  form.  In  Jacaranda 
tomentosa  I  have  remarked  them  to  be  spherical,  with  three 
projecting  ribs  tapering  to  either  apex.  In  the  Cichoraceae  of 
Jussieu  the  granules  are  spherical  with  facettes ;  in  Dipsaceae 
they  are  a  depressed  polyedron;  in  Scabiosa  caucasica  patelli- 
form  and  angular.  (For  other  modifications  see  Plate  IVt 
fig.  12.  to  37.) 

Little  lids  are  perceptible  in  some  kinds,  opening  to  admit 
of  the  passage  of  pollen  tubes.  Fritzche  describes-  one  in 
Grasses,  two  in  the  Nettle,  four  in  the  Orange,  and  six  in  the 
Primrose.     Purkinje  remarked  three  in  the  Passion  Flower. 

In  most  spherical  or  elliptical  pollen,  with  a  smooth  surface, 
a  line  is  observable  along  the  axes  of  the  granules,  when  they 
are  dry,  which  disappears  upon  tlie  application  of  moisture. 
This  was  long  ago  remarked  by  Malpighi,  who  compared 
granules  of  pollen  of  this  kind  to  grains  of  wheat,  one  side  of 
which  is  convex  and  the  other  furrowed.  Guillemin  is  of 
opuiion  that  this  supposed  furrow  exists  on  both  sides  of  a 
grain  of  pollen,  because,  let  there  be  never  so  many  of  this 
description  examined  at  the  same  instant,  the  appearance  will 
be  visible  in  all.  But  it  is  probable  that  the  strong  trans- 
mitted light  which  is  used  in  microscopical  examinations  of 
minute  objects  would  render  the  furrow  visible  on  both  sides 
of  a  grain,  although  it  really  existed  only  on  one. 

As  to  the  nature  of  this  supposed  furrow,  nothing  positive 
is  known.  Guillemin  supposes  it  to  be  a  slit  intended  to 
facilitate  the  admission  of  water  into  the  interior  of  the  gra- 
nules and  the  emission  of  their  fovilla,  and  he  further  com- 
pares it  to  the  line  of  dehiscence  of  each  lobe  of  the  anther. 

Fritzche  states  it  to  be  a  thin  part  of  the  membrane,  where 
the  sides  of  the  pollen  grain  are  contracted  and  meet,  pro- 
ducing the  appearance  of  a  furrow. 

Many  botanists  are  of  opinion  that  the  coat  of  the  pollen  is 
a  simple  cellular  substance ;  others  think  it  a  solid  membrane ; 
and  a  third  class  of  writers  insist  upon  its  consisting  of  two 
integuments,  the  outer  of  which  is  cellulcu*,  the  inner  mem- 
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branous  and  extensible:  the  last  of  these  opinions  is  enter- 
tained by  Adolphe  Brongniart  and  AmicL  Brown  says  that 
the  existence  of  an  inner  membrane  is  manifest  in  several 
Coniferae,  in  which  the  outer  coat  regidarly  bursts  and  is 
deciduous;  and  further,  he  considers  that  the  structure  in 
Asclepiadeae,  as  discovered  by  Mr.  Francis  Bauer,  fumislies 
the  strongest  argument  in  support  of  the  opinion  of  the  exist- 
ence of  two  membranes.  In  parts  of  such  extreme  minute- 
ness and  delicacy  of  structure,  a  point  of  this  kind  cannot  be 
determined  by  sections ;  for  the  sharpest  knives  in  the  most 
skilful  hands  will  only  crush  the  grain  of  pollen  into  a  shape- 
less mass.  The  evidence  of  the  existence  of  an  internal 
membrane  is  derived  from  the  appearance  of  a  thin  trans- 
parent coating  round  the  fovilla  when  it  is  emitted  upon  the 
stigma,  and  which  is  sometimes  extended  to  a  considerable 
length.  Its  existence  having  been  called  in  question, 
Adolphe  Brongniart  was  induced,  in  his  examination  of  the 
anther,  to  pay  particular  attention  to  the  circumstance ;  and 
he  declares  that,  ^^  in  all  the  pollen  that  he  has  examined  with 
care,  after  it  had  been  a  greater  or  less  space  of  time  upon 
the  stigma,  he  has  found  a  tubular  appendage,  of  variable 
length,  formed  of  an  extremely  thin  and  transparent  mem- 
brane, which  evidently  proceeded  from  the  interior  of  the 
grain  of  pollen,  either  tlu'ough  an  accidental  opening,  or 
through  a  special  passage  formed  in  the  external  membrane." 
(See  Plate  IV.  figs.  34.  to  dS.)  He  calls  this  pollen  tube 
the  boyau  or  intestine.  Notwithstanding  the  precise  manner 
in  which  this  is  stated,  it  has  nevertheless  been  doubted  by 
some  whether  the  boyau  or  pollen-tube  is  any  thing  more  than 
mucus  surrounding  the  fovilla  when  emitted.  Brown,  in 
1828,  declared  his  difference  in  opinion  from  Brongniart  as 
to  the  existence  of  a  membrane  forming  the  coat  of  tlie  pollen- 
tube;  but,  in  1831,  he  states,  in  another  place,  that  several 
arguments  may  be  adduced  in  favour  of  Brongniart's  opinion 
that  the  pollen-tubes  belong  to  the  inner  membrane  of  the 
grain ;  and  he  particularly  cites  the  structure  in  Asclepiadeae 
as  favourable  to  the  opinion.  Fritzche  confirms  the  state- 
ment that  two  coats  are  actually  present,  and  asserts  that  the 
only  exceptions  he  has  discerned  are  in  plants  that  flower 
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under  water,  in  which  tlie  coating  is  certainly  simple.  That 
the  pollen-tube  itself  has  not  been  found  by  some  observers, 
lias  probably  arisen  from  its  having  been  looked  for  in  pollen 
made  to  burst  on  the  field  of  the  microscope,  immersed  in 
water,  when  the  pollen-tube  is  scarcely  ever  emitted.  The 
vital  action  that  causes  the  emission  seems  to  depend  upon 
contact  with  the  secretion  of  the  stigmatic  surface.  The 
pollen-tube  is,  therefore,  only  to  be  sought  in  pollen  that 
has  been  some  time  upon  the  stigma. 

The  colour  of  pollen  is  chiefly  yellow.  In  Epilobium  an- 
gustifolium  it  is  blue,  in  Verbascum  it  is  red,  and  it  occa- 
sionally assumes  almost  every  other  colour,  except  green. 
According  to  Fourcroy  and  Vauqueliii,  the  pollen  of  the  Date 
tree  consists  of  malic  acid,  phosphate  of  magnesia  and  lime, 
and  also  of  an  insoluble  animal  matter  intermediate  between 
gluten  and  albumen.  Macaire  Prinsep  has  ascertained  that 
the  pollen  of  the  Cedar  contains  malate  of  potass,  sulphate  of 
potass,  phosphate  of  lime,  silica,  sugar,  gum,  yellow  resin,  and 
a  substance  which,  by  its  characters,  approximated  to  starch. 
Being  analysed  as  a  whole,  it  gave,  per  cent.,  40  carbon, 
11*7  hydrogen,  and  48*3  oxygen,  but  no  nitrogen. — BibL 
Univers.  1830.  45. 

The  matter  contained  in  the  granules  is  called  xhefovilla. 
Under  common  magnifiers  it  appears  like  a  turbid  fluid; 
under  glasses  of  greater  power  it  has  been  found  to  consist  of 
a  multitude  of  particles  moving  on  their  axes  with  activity,  of 
such  excessive  minuteness  as  to  be  invisible,  unless  viewed 
with  a  magnifying  power  equal  to  300  diameters,  and  mea- 
suring from  the  4000th  or  5000th  to  the  20,000th  or  30,000th 
of  an  inch  in  length.  This  motion  was  first  distinctly  noticed  by 
Gleichen ;  but  it  seems  to  have  escaped  the  recollection  of 
succeeding  botanists  until  the  fact  was  confirmed  by  Amici, 
who  some  time  before  1824  saw  and  described  a  distinct, 
active,  molecular  motion  in  the  pollen  of  Portulaca  oleracea. 
In  1825  the  existence  of  this  motion  was  confirmed  by  Guille- 
min,  who  ascertained  its  presence  in  other  species.  In  June 
1827  I  was  shown  the  motion  by  Dr.  Brown,  who  subse- 
quently published  some  valuable  observations  upon  the  subject, 
without  however  noticing  those  of  either  Amici  or  Guillemin. 


k 


CHAP.  II.  POLLEN.  159 

The  most  important  addition  that  was  made  by  Brown  to  the 
knowledge  that  previously  existed,  consisted  in  the  discovery 
of  the  presence  of  two  kinds  of  active  particles  in  pollen,  of 
which  one  is  spheroidal,  extremely  minute,  and  not  distin- 
guishable from  the  moving  ultimate  organic  molecules  com- 
mon to  all  parts  of  a  vegetable,  the  other  much  larger,  often 
oblong,  and  unlike  any  other  kind  of  particle  hitherto  detected 
in  plants. 

The  supposed  functions  of  these  particles  will  be  explained 
hereafter.  For  the  present  it  will  be  sufficient  to  remark, 
that  some  of  the  best  subjects  in  which  to  witness  their  mo- 
tions are  Clarkia  pulchella,  Mirabilis  jalapa,  and  Lolium 
perenne. 

For  the  fullest  information  concerning  the  nature  of  pollen, 
the  student  should  consult  Fritzche  de  plantarum  poUine 
Beroliniy  1833.  This  ingenious  observer  found  that  several 
modes  of  examining  pollen  are  preferable  to  those  usually  em- 
ployed. In  particular  he  recommends  the  employment  of 
sulphuric  acid  in  the  proportion  of  two  parts  of  concentrated 
acid  to  three  parts  of  water,  for  the  purpose  of  viewing  the 
pollen  by  transmitted  light;  by  this  means  it  is  rendered 
transparent,  and  the  spontaneous  emission  of  pollen  tubes  is 
effected.  In  cases  of  very  opaque  pollen  he  employs  oil  instead 
of  dilute  acid,  and  he  finds  it  renders  an  object  more  trans- 
parent than  the  acid  itself;  and  in  other  instances,  where  the 
coat  of  the  pollen  is  either  too  much  or  too  little  transparent 
to  show  the  apertures  in  its  sides,  he  finds  a  solution  of  Iodine 
in  weak  spirits  of  wine  extremely  useful. 

The  stamen  deviates  in  a  greater  degree  than  any  other 
organ  from  the  structure  of  the  leaf,  from  a  modification  of 
which  it  is  produced ;  and,  at  first  sight,  in  many  cases,  it 
appears  impossible  to  discover  any  analogy  between  the  type 
and  its  modification ;  as,  for  instance,  between  the  stamen  and 
leaf  of  a  Rose.  Nevertheless,  if  we  watch  the  transitions  that 
take  place  between  the  several  organs  in  certain  species,  what 
was  before  mysterious  or  even  inscrutable  becomes  clear  and 
intelligible.  In  Nymphaea  alba  the  petals  so  gradually  change 
into  stamens,  that  the  process  may  be  distinctly  seen  to  depend 
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upon  a  contraction  of  the  lower  half  of  a  petal  into  the  fila- 
ment, and  by  a  development  of  yellow  matter  within  the  sub- 
stance of  the  upper  end  of  the  same  petal  on  each  side  into 
pollen.  A  similar  kind  of  passage  from  petals  to  stamens 
may  be  found  in  Calycanthus,  Illicium,  and  many  other 
plants.  Now,  as  no  one  can  doubt  that  a  petal  is  a  modified 
leaf,  it  will  necessarily  follow,  from  what  has  been  stated,  that 
a  stamen  is  one  also.  But  it  is  not  from  parts  in  their  nor- 
mal state  that  the  best  ideas  of  the  real  nature  of  the  stamen 
may  be  formed ;  it  is  rather  by  parts  in  a  monstrous  state, 
when  reverting  to  the  form  of  that  organ  from  which  they 
were  transformed,  that  we  can  most  correctly  judge  of  the 
exact  nature  of  the  modification.  Take  for  example  that  well- 
known  double  Rose,  called  by  the  French  R.  CEillet.  In 
that  very  remarkable  variety,  the  claw  of  the  petals  may 
at  all  times  be  found  in  every  degree  of  gradation  from  its 
common  state  to  that  of  a  filament,  and  the  limb  sometimes 
almost  of  its  usual  degree  of  development,  —  sometimes  con- 
tracting into  a  lobe  of  the  anther  on  one  side,  or  perhaps  on 
both  sides, — now  having  the  part  that  assumes  the  character  of 
the  anther  merely  yellow,  —  now  polliniferous,  —  and  finally 
acquiring,  in  many  instances,  all  tlie  characters  of  an  un- 
doubted though  somewhat  distorted  stamen.  Double  Pceo- 
nies.  Double  Tulips,  and  many  other  monstrous  fiowers, 
particularly  of  an  icosandrous  or  polyandrous  structure, 
afford  equally  instructive  specimens.  It  is  for  these  reasons 
that  it  is  stated  in  the  Outlines  of  the  first  Principles  of  Bo^ 
tany^  307.,  that  "  the  anther  is  a  modification  of  the  lamina, 
and  the  filament  of  the  petiole."* 

Such  is  the  structure  of  the  stamens  in  their  perfect  state. 
It  often,  however,  happens  that,  owing  to  causes  with  which 
we  are  unacquainted,  some  of  the  stamens  are  developed 
imperfectly,  without  the  anther  and  pollen.     In  such  cases 

*  Agardh  considers  a  stamen  to  be  composed  of  two  leaves  in  a  state  of 
adhesion ;  and  that  it  is  in  fiict  a  bud  axillary  to  a  sepal  or  petal.  This 
is  very  nearly  the  opinion  formerly  entertained  by  Wolff*.  Endlicher 
adopts  thb  view  to  a  certain  extent;  and  supposes  the  leaves  to  be 
rolled  backwards,  so  that  their  under  surface  becomes  the  polliniferous 
part.  But  all  this  is  mere  hypothesis,  unsupported  by  a  tittle  of  evidence, 
and  in  opposition  to  the  direct  observations  of  Mirbel. 
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they  are  called  sterile  stamens^  and  are  frequently  only  to  be 
recognised  by  the  position  they  bear  with  respect  to  the  other 
parts  of  the  flower.  Botanists  consider  every  appendage^  or 
process,  or  organ,  that  forms  part  of  the  same  series  of  organs 
as  the  true  stamens,  or  that  originates  between  them  and  the 
pistil,  as  stamens,  or  as  belonging  to  what  Roper  calls  the 
andrceceum,  namely,  to  the  male  system  ;  and  every  thing  on 
the  outside  of  the  fertile  stamens  is  in  like  manner  usually 
referred  to  modiflcations  of  petals,  a  remarkable  instance  of 
which  is  exhibited  by  Passiflora.  The  appearances  assumed 
by  these  sterile  stamens  are  often  exceedingly  curious,  and 
generally  extremely  unlike  those  of  the  fertile  stamens ;  thus 
in  Canna  they  are  exactly  like  the  petals ;  in  Hamamelis  they 
are  oblong  fleshy  bodies,  alternating  with  the  fertile  stamens ; 
in  Pentapetes  tliey  are  filiform,  and  placed  between  every 
three  fertile  ones ;  in  Scitaminese  they  are  minute  gland-like 
corpuscles,  a  very  common  form  (Plate  IV.  fig.  10.  c) ;  in 
Brodiaea  they  are  bifid  petaloid  scales ;  and  in  Asclepiadeae 
they  undergo  yet  more  remarkable  transformations.  Dunal 
calls  these  sterile  stamens  lepah  (lepala) ;  a  term  which  has  not 
yet  been  adopted. 

9.     Of  the  Disk. 

By  this  term  are  meant  certain  bodies  or  projections,  situ- 
ated between  the  base  of  the  stamens  and  the  base  of  the 
ovary,  but  forming  part  with  neither ;  they  are  referred  by 
the  school  of  Linnaeus,  along  with  other  things,  to  nectarium : 
Link  calls  them  sarcoma  and  perigynium  ;  and  Turpin,  phy^ 
costemanes.  The  most  common  form  is  that  of  a  fleshy  ring, 
either  entire  or  variously  lobed,  surrounding  the  base  of  the 
ovary  (Plate  V.  fig.  4.  e,  8.  rf),  as  in  Lamium,  Cobsea,  Gra- 
tiola,  Orobanche,  &c. ;  in  Gesnerieae  and  Proteaceae  the  disk 
consists  of  fleshy  bodies  of  a  conical  figure,  which  are 
usually  called  fflandtdcB  hypogyruB*  It  occasionally  assumes 
the  appearance  of  a  cup,  named  by  De  Candolle  in  Paeonias 
and  Aconites  lepisma^  a  bad  term,  for  which  it  is  better  to  say 
discus  cyathiformis.  In  flowers  with  an  inferior  ovary  (Plate  5. 
fig.  9.  c,  7.  c)  the  disk  necessarily  ceases  to  be  hypogynous,  and 
generally  also  to  appear  in  the  form  of  scales.     In  Compositae 
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it  is  a  fleshy  solid  body,  interposed  between  the  top  of  the 
ovary  and  the  base  of  the  style ;  and  has  given  rise,  when 
much  enlarged,  to  the  unfounded  belief  in  the  existence  of 
a  superior  ovary  in  that  order,  as  in  Tarchonanthus.  In  Um- 
belliferse  it  is  dilated  and  covers  the  whole  summit  of  the 
ovary,  adhering  firmly  to  the  base  of  the  styles ;  by  Hoflman 
it  is  then  called  stylopodium^  a  word  which  is  seldom  used. 

It  is  an  opinion  that  daily  gains  ground,  that  the  disk  is 
really  only  a  rudimentary  state  of  the  stamens;  and  it  is 
thought  that  proofs  of  the  correctness  of  this  hypothesis  are 
to  be  found  in  the  frequent  separation  of  the  cyathiform  disk 
into  bodies  alternating  with  the  true  stamens,  as  in  Gesneria ; 
in  its  resemblance  in  Parnassia  to  bundles .  of  polyadelphous 
stamens;  and  particularly  in  the  fact  noticed  by  Brown, 
that  an  anther  is  occasionally  produced  upon  the  highly 
developed  disk  of  Paeonia  Moutan.  To  which  may  be  added 
the  observation  of  Dunal,  that  half  the  disk  of  Cistus  vagi- 
natus  occasionally  turns  into  stamens.  (Consideratiansj  &c. 
p.  44.) 

Like  the  petals,  sepals,  and  stamens,  the  disk  always  ori- 
ginates from  below  the  pistil;  but  it  often  contracts  an 
adhesion  with  the  sides  of  the  calyx,  when  it  becomes  perigy^ 
Tumsj  as  in  Amygdalus;  or  with  both  the  calyx  and  the  sides  of 
an  inferior  ovary,  when  it  becomes  epigynous^  as  in  umbel- 
liferous plants. 

10.    Of  the  Pistil. 

The  last  organ  to  enumerate  in  the  flower  is  that  which 
constitutes  the  female  system^  or  gyruBceum  of  Roper,  and 
which  is  usually  called  the  pisHL  In  all  cases  it  occupies  the 
centre  of  the  flower,  terminating  the  axis  of  growth  of  the 
peduncle;  and  is  consequently  the  part  around  which  every 
other  organ,  without  exception,  is  arranged. 

It  is  distinguished  into  three  parts;  viz.  the  ovary 
(Plate  V.  fig.  7.  a),  the  style  (fig.  7.y),  and  the  stigma  (fig. 

7. 9). 

The  ovary,  called  germen  by  Linnaeus,  is  a  hollow  case 
placed  at  the  base  of  the  pistil,  enclosing  the  ovules^  and  often 
containing  two  or  more  cells  or  cavities.     It  is  the  part  whicli 
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ultimately  becomes  the  fruit ;  and  consequently,  whatever  may 
be  the  structure  of  the  ovary,  such  must  necessarily  be  that  of 
the  fruit:  allowance  being  made,  as  will  hereafter  be  ex- 
plained, for  changes  that  may  occur  during  the  progress  of  the 
ovary  to  maturity. 

Notwithstanding  what  has  been  stated  of  the  pistil  con^^ 
stantly  occupying  the  centre  of  the  flower,  and  being  the  part 
around  which  all  the  other  parts  are  arrpuiged,  an  apparent 
exception  exists  in  those  flowers  the  calyx  of  which  is  said  to 
be  superior  (Plate  V.  fig.  7.  &  9.),  as  the  Apple  blossom.  In 
this  instance  the  ovary  seems  to  originate  below  the  calyx, 
corolla,  and  male  system ;  on  which  account  it  is  said  to  be 
inferior  in  such  cases,  while  in  the  opposite  state  it  is  called 
superior.  But  in  reality,  the  inferior  ovaiy  is  only  so  in  con- 
sequence of  the  tube  of  the  calyx  contracting  an  adhesion  with 
its  sides  ;  and  such  being  the  case,  the  exactness  of  the  descrip- 
tion of  the  constant  place  of  the  pistillum  as  above  is  unshaken. 
This  is  proved  in  many  ways.  In  SaxifragesB,  the  genus 
Leiogyne  has  the  ovary  superior;  in  Saxifraga  itself  the 
calyx  partially  adheres  to  the  sides  of  the  ovary,  which  then 
becomes  half  inferior,  while  in  Chrysosplenium  the  union 
between  the  caljTc  and  ovary  is  complete,  and  the  latter  is 
wholly  inferior.  Again,  in  Pomaceae,  the  ovaries  partially 
cohere  with  the  caljrx  in  Photinia,  completely  in  Pyrus,  and 
by  their  backs  only  in  Cotoneaster ;  whence  the  ovary  is  half 
superior  in  the  first  instance,  quite  inferior  in  the  second,  and 
what  is  called  parietal  in  the  third.  Botanists  call  any  thing 
parietal  which  arises  from  the  inner  lining  or  wall  of  an  organ; 
thus  in  Cotoneaster  the  ovaries  are  parietal,  because  they 
adhere  to  the  inner  lining  of  the  calyx,  and  in  Papaver  the 
placentae  are  parietal  because  they  originate  in  the  inner 
lining  of  the  fruit. 

Sometimes  the  ovary,  instead  of  being  sessile,  as  is  usually 
the  case,  is  seated  upon  a  long  stalk ;  as  in  the  Passion  flower 
and  the  genus  Cleome.  This  stalk  is  often  called  the  theca- 
phore  or  gynophore  (also  basigynium  or  podogynium) ;  but  it  is 
obviously  analogous  to  the  petiole  of  a  leaf,  and  the  applica- 
tion of  a  special  term  to  it  appears  unnecessary.  Cassini  calls 
the  elongated  apex  of  the  ovary  of  some  Compositie  le  plateau, 
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That  part  of  the  ovary  from  which  the  ovules  arise  is  called 
the  placenta  ( Trophospermium^  Richard ;  Spennaphorum,  Colum^ 
Receptade  of  the  Seeds.)  It  generally  occupies  the  whole  or  a 
portion  of  one  angle  of  each  cell  (Plate  V.  fig.  1.  e,  2.  c,  &c.), 
and  will  be  spoken  of  more  particularly  hereafter.  It  is 
sometimes  elongated  in  the  form  of  a  little  cord,  as  in  the 
Hazel  nut,  and  many  Cruciferae :  it  is  then  called  the  umbi' 
lical  cord  (funiculus  umbilicalis,  podospermium). 

The  swelling  of  the  ovary  after  fertilisation  is  termed 
grossificoHon. 

The  style  (tuba  of  old  authors)  is  that  elongation  of  the 
ovary  which  supports  the  stigma  (Plate  V.  fig.  7.f)»  It  is 
frequently  absent,  and  then  the  stigma  is  sessile:  it  is  not 
more  essential  to  a  pistil  than  the  stalk  to  a  leaf,  .or  the  claw 
to  a  petal,  or  the  filament  to  a  stamen.  Anatomically  con- 
sidered, it  consists  of  a  column  of  one  or  more  bundles  of 
vascular  tissue,  surrounded  by  cellular  tissue;  the  former 
communicating  on  the  one  hand  with  the  stigma,  and  on  the 
other  with  the  vascular  tissue  of  the  ovary.  It  is  usually 
taper,  often  filiform,  sometimes  very  thick,  and  occasionally 
angular:  rarely  thin,  flat,  and  coloured,  as  in  Iris  and  in 
Canna.  In  some  plants  it  is  continuous  with  the  ovary,  the 
one  passing  insensibly  into  the  other,  as  in  Digitalis ;  in 
others  it  is  articulated  with  the  ovary,  and  falls  off,  by  a  clean 
scar,  immediately  after  fertilisation  has  been  accomplished, 
as  in  the  Scirpus.  Its  usual  point  of  origin  is  from  the  apex 
of  the  ovary ;  nevertheless,  cases  occur,  in  which  it  proceeds 
from  the  side,  as  in  Alchemilla,  or  even  from  the  base,  as  in 
Labiatae  and  Boragineae.  In  these  cases,  however,  it  is  to  be 
understood  that  the  geometrical  and  organic  apices  are  differ- 
ent, the  latter  being  determined  by  the  origin  of  the  style. 
For  this  reason,  when  the  style  is  said  to  proceed  from  the 
side  or  base  of  the  ovary,  it  would  be  more  correct  to  say  that 
the  ovary  is  obliquely  inflated  or  dilated,  or  gibbous  at  the 
base  of  the  style. 

The  surface  of  the  style  is  commonly  smooth  ;  but  in  Com- 
positae,  Campanulaceae,  and  others,  it  is  often  densely  covered 
with  hairs,  called  collectors^  which  seem  intended  as  brushes 
to  clear  the  pollen  out  of  the  cells  of  the  anthers.     In  Lobelia 
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these  hairs  are  collected  in  a  whorl  below  the  stigma;  in 
Goodenoviae  they  are  united  into  a  cup,  in  which  the  stigma  is 
enclosed,  and  which  is  called  the  indusium  (Plate  V.  fig.  13.  b). 
Many  styles  which  appear  to  be  perfecdy  simple,  as  for 
instance  those  of  the  Primrose,  the  Lamium,  the  Lily,  or  the 
Borage,  are  in  reality  composed  of  several  grown  together ;  as 
is  indicated  by  the  lobes  of  their  stigma,  or  by  the  number 
of  cells  or  divisions  of  their  ovary.  In  Malva  an  example 
may  be  seen  of  a  partial  union  only  of  the  styles,  which  are 
distinct  upwards,  but  united  below.  In  speaking  of  styles  in 
this  latter  state,  botanists  are  apt  to  describe  them  as  divided 
in  different  ways,  which  is  manifestly  an  inaccurate  mode  of 
expression. 

The  stigma  is  the  upper  extremity  of  the  style,  without  a 
cuticle ;  in  consequence  of  which  it  has,  almost  uniformly, 
either  a  humid  or  papillose  surface.  In  the  first  case  it  is  so 
in  consequence  of  the  fluids  of  the  style  being  allowed  to  flow 
up  through  the  intercellular  passages  of  the  tissue,  there 
being  no  cuticle  to  repress  and  conceal  them ;  in  the  latter 
case  the  papillae  are  really  the  rounded  sides  of  vesicles  of 
cellular  tissue.  When  perfectly  simple,  it  is  usually  notched 
on  one  side,  the  notch  corresponding  with  the  side  from  which 
the  placenta  arises :  see  the  stigma  of  Rosa,  Prunus,  Pyrus, 
and  others.  If  it  belongs  to  a  single  carpel  (p.  143.),  it  is 
either  undivided,  or  its  divisions,  if  any,  are  all  placed  side 
by  side,  as  in  some  Euphorbiaceae,  Crocus,  &c. ;  but  if  it  is 
formed  by  the  union  of  the  stigmas  of  several  eai^ls,  its 
lobes  are  either  opposite  each  other,  as  in  Mimulus,  or  placed 
in  a  whorl,  as  in  Geranium.  Such  being  the  case,  it  is  always 
to  be  understood  that  an  apparendy  simple  ovary,  to  which 
two  or  more  opposite  stigmas  belong,  is  really  of  a  compound 
nature,  some  of  its  parts  being  abortive,  as  in  Compositae. 

Nothing  is,  properiy  speaking,  stigma,  except  the  secreting 
surface  of  the  style ;  it  very  often,  however,  happens,  that  the 
term  is  carelessly  applied  to  certain  portions  of  the  style. 
For  example,  in  the  genus  Iris,  the  three  petaloid  lobed  styles 
in  the  centre  are  called  stigmata;  while  the  stigma  is  in 
reality  confined  to  a  narrow  humid  space  at  the  back  of  each 
style :  in  Labiatae,  Bentham  has  shown  that  what  is  called  a 
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two-lobed  stigma  is  a  two-lobed  style,  the  points  only  of  the 
lobes  of  which  are  stigmatic:  and  in  Lathyrns,  and  many 
other  Papilionaceous  plants,  Linnasan  botanists  call  the  hairy 
back  of  the  style  the  stigma ;  while,  in  fact,  the  latter  is  con- 
fined to  the  mere  point  of  the  style. 

Nevertheless,  there  are  certain  stigmas  in  which  no 
denuded  or  secreting  surface  can  be  detected.  Of  this  nature 
is  that  of  Tupistra,  in  which  the  apparent  stigma  is  a  fungous 
mass  with  a  surface  of  the  same  nature  as  that  of  the  style ; 
in  such  a  stigma  the  mode  of  fertilisation  forms  a  very  inte- 
resting problem,  which  botanists  have  yet  to  solve. 

The  centre  of  a  stigma  consists  of  tissue  of  a  peculiar 
character,  which  communicates  directly  with  the  placenta, 
and  which  is  called  the  stigmatic  tissue.  It  is  more  lax  than 
that  which  surrounds  it,  and  serves  for  the  conveyance  of  the 
fertilising  matter  of  the  pollen  into  the  ovules. 

Such  is  a  general  view  of  the  more  remarkable  peculiarities 
of  the  female  system.  This  part,  however,  bears  so  important 
an  office  in  the  functions  of  vegetation,  is  so  valuable  as  a 
means  of  scientific  arrangement,  and  is  liable  to  such  a  great 
variety  of  modifications,  that  it  will  be  necessary  now  to  con- 
sider it  in  another  and  more  philosophical  point  of  view.  For 
we  have  yet  to  consider  the  structure  of  the  compound  pistil, 
and  to  learn  to  understand  the  exact  nature  of  its  cells,  and 
dissepiments,  and  placentae,  and  the  precise  relation  that  these 
parts  bear  to  each  other ;  and  also  to  prove  that  the  necessary 
consequence  of  the  laws  under  which  pistils  are  constructed 
is,  that  they  can  be  subject  to  only  a  particular  course  of 
modification,  within  which  every  form  must  absolutely,  and 
without  exception,  fall.  This  enquiry  would,  perhaps,  be  less 
important  if  none  but  structure  of  a  very  regular  and  uniform 
kind  were  to  exist;  but,  considering  the  i\umberles8  anoma* 
lies  that  the  pistil  exhibits,  it  becomes  at  once  one  of  the  most 
difficult  and  most  essential  parts  of  a  student's  investigation. 

In  the  days  of  Linnaeus  and  Gaertner,  and  even  in  those  of 
the  celebrated  L.  C.  Richard,  nothing  whatever  was  known 
of  this  matter,  and  consequently  the  writings  of  those  car- 
pologists  are  a  mere  tissue  of  ingenious  misconceptions.  I^for 
did  the  subject  become  at  all  intelligible,  notwithstanding  the 
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writings  of  Wollf,  until  the  admirable  Treatise  upon  Vege- 
table Metamorphosis,  which  had  been  published  by  Goethe 
in  1790,  but  which  had  long  been  neglected,  was  again 
brought  into  notice,  and  illustrated  by  the  skilful  demonstra- 
tions of  De  CandoUe,  Turpin,  Du  Petit  Thouars,  and  others. 


According  to  these  writers,  tlie  pistil  is  either  the  modifi- 
cation of  a  single  leaf,  or  of  one  or  more  whorls  of  such  leaves, 
which  are  technically  called  carpels.  Each  carpel  has  its  own 
ovary,  style,  and  stigma,  and  is  formed  by  a  folded  lea^  the 
upper  surfiice  of  which  is  turned'  inwards,  the  lower  outwards, 
and  the  two  margins  of  which  develop  one  or  a  greater  num- 
ber of  buds,  which  are  in  a  rudimentary  state,  and  are  called 
the  ovules. 

A  very  distinct  idea  of  the  manner  in  which  this  occurs 
may  be  obtained  from  the  carpel  of  a  double  cherry,  in  which 
the  pistil  loses  its  normal  carpellary  character,  and  reverts  to 
the  structure  of  the  leaf.  In  this  plant  the  pistil  is  a  little 
contracted  leaf,  the  sides  of  which  are  pressed  face  to  face, 
the  midrib  elongated,  and  its  apex  discoloured,  or  a  little  dis- 
tended. If  we  compare  this  with  the  pistil  of  a  single  cherry, 
the  margins  of  the  leaf  with  the  ventral  suture,  the  elongated 
midrib  with  the  style,  the  discoloured  distended  apex  with  the 
stigma,  they  will  be  found  to  correspond  exactly. 

In  this  case  there  is  an  indisputable  identity  of  orijpn  and 

nature  between  the  ovary  and  the  blade  of  a  leaf^  — between 

the  little   suture  that  occupies  one  angle  of  the  carpel  of  a 

cherry,  and  the  line  of  union  of  the  two  edges  of  the  leaf,— 

M  4 
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and  between  the  elongated  midrib,  with  its  distended  apex,  and 
the  style  and  stigma.  There  can  be  no  doubt  that  the  plan 
of  all  carpels  is  the  same ;  so  that  the  ovary  is  the  blade  of  a 
leaf,  the  style  an  elongated  midrib,  and  the  stigma  the  denuded, 
secreting,  humid  apex  of  the  latter. 

Such  being  the  origin  of  the  carpel,  its  two  edges  will  cor- 
respond, one  to  the  midrib,  the  other  to  the  united  margins  of 
the  leaf.  These  edges  often  appear  in  the  carpel  like  two 
sutures,  of  which  that  which  corresponds  to  the  midrib  is  called 
the  dorsal^  that  which  corresponds  to  the  united  margins  is 
named  the  ventral  suture. 

It  is  at  some  point  of  the  ventral  suture  that  is  formed  the 
placenta^  which  is  a  copious  development  of  cellular  substance, 
out  of  which  the  ovules  or  young  seeds  arise.  It,  the  placenta, 
originates  from  both  margins  of  the  carpellary  leaf; — but,  as 
they  are  generally  in  a  state  of  cohesion,  there  appears  to  be 
but  one  placenta, — nevertheless,  if,  as  sometimes  happens, 
the  margins  of  the  carpellary  leaf  do  not  unite,  there  will  be 
two  obvious  placentae  to  each  carpel.  Now,  as  the  stigma  is 
the  termination  of  the  dorsal  suture,  it  occupies  the  same 
position  as  that  suture  with  regard  to  the  two  placentae ;  con- 
sequently the  normal  position  of  the  two  placentae  of  a  single 
carpel  will,  if  they  are  separate,  be  right  and  left  of  the 
stigma.     This  is  a  fact  very  important  to  bear  in  mind. 

Pistils  consisting  of  but  one  carpel  are  simple;  of  several, 
are  compound.  If  the  carpels  of  a  compound  pistil  are  dis- 
tinct entirely  or  in  part,  they  are  apocarpous^  as  in  Caltha;  if 
they  are  completely  united  into  an  undivided  body,  as  in 
Pyrus,  they  are  syncarpous.  That  syticarpous  pistils  are  really 
made  up  of  a  number  of  united  carpels  is  easily  shown,  as 
Goethe  has  well  remarked,  in  the  genus  Nigella,  in  which  N. 
orientalis  has  the  carpels  partially  united,  while  N.  damascena 
has  them  completely  so.  In  the  latter  case,  however,  the  styles 
are  distinct;  they  and  the  stigmas  are  all  consolidated  in  a 
single  body,  when  the  pistil  acquires  its  most  complete  state 
of  complication,  as  in  the  Tulip;  which  is,  however,  if  care- 
fully examined,  nothing  but  an  obvious  modification  of  such  a 
pistil  as  that  of  Nigella  damascena. 

This  important  conclusion  is  deducible  from  the  foregoing 
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considerations :  viz.,  that,  as  the  carpels  are  modified  leaves, 
they  are  necessarily  subject  to  the  same  laws  of  arrangement, 
and  to  no  others^  as  leaves  developed  around  a  common  axis 
upon  one  or  several  planes.  For  no  axiom  appears  more  in- 
contestable in  botany,  than  that  all  modifications  of  a  given 
organ  are  controlled  essentially  in  the  same  way,  and  by  the 
same  influences,  as  the  organ  itself  in  an  unmodified  state : 
and  hence  every  theory  of  the  structure  of  fiuit  which  is  not 
reducible  to  that  which  would  be  applicable  to  the  structure 
of  whorls  of  leaves  is  vicious  of  necessity.  I  shall  proceed  to 
demonstrate  the  perfect  accordance  of  the  carpellary  theory 
of  structure  in  every  point  with  these  principles. 

The  placenta  arises  fi-om  the  two  margins,  either  distinct 
or  more  usually  combined,  of  a  leaf  folded  inwards.  When 
a  leaf  is  folded  inwards,  its  margins  will  point  towards  the 
stem  or  axis  around  which  it  is  developed ;  and  in  a  whorl 
of  leaves  such  inflected  margins  would  all  be  collected 
round  a  common  centre;  or,  if  the  axis  were  imaginary, 
in  consequence  of  the  whorl  being  terminal,  would  be 
placed  next  each  other,  in  a  circle  of  which  the  back  of  the 
leaves  would  represent  the  circumference.  Therefore  the 
placentae  will  always  be  turned  towards  the  axis,  or  will 
actually  meet  there,  forming  a  common  centre ;  andj  which 
is  a  very  important  consequence  of  this  law,  if  one  carpel 
only,  with  its  single  placenta,  be  formed  in  a  flower,  the  true 
centre  of  that  flower  will  be  indicated  by  the  side  of  the  car- 
pel occupied  by  the  placenta.  Proofs  of  this  may  be  found 
in  every  blossom:  but  particularly  in  such  as,  habitually 
having  but  one  carpel,  occasionally  form  two,  as  the  Wisteria 
sinensis,  Alchemilla  arvensis,  Cerasus  acida,  &c. ;  in  these  the 
second  carpel,  when  added,  does  not  arise  by  the  side  of  the 
first,  but  opposite  to  it,  the  face  of  its  placenta  being  in  front 
of  that  of  the  habitual  carpel.  A  fourth  proof  of  this  uniform 
direction  of  the  placentae  towards  the  axis  is  afforded  by 
those  pistils  in  which  a  great  number  of  carpels  is  developed 
in  several  rows,  as  in  the  Strawberry  and  the  Ranunculus : 
in  all  these  the  placentae  will  be,  without  exception,  found 
directed   towards   the    axis,   and   consequently  tow€u*ds  the 
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128  back  of  every  row,  except   the  in- 

ner.    For  example,  in  the  follow- 
ing diagram  (123.),  let  O  be  the 
axis,  b  h  placentae,  c  c  the  backs  of 
carpels;  the  placentas,    b  by  of  the 
inner  row  will  be  next  the  centre 
O ;  the  placentae,  b  by  of  the  second 
row  will  be  next  the  backs,  c  c,  of 
the  first  row ;  and  so  on. 
If  the  order  of  developement  of 
leaves  were  exactly  followed  in  that  of  the  stamens  and  car- 
124  pels,  it  would  happen  that  the  latter 

Q  would  be  invariably  alternate  with 

f x--^  the  inner  row  of  stamens;  for  if  a  a 

1   ^  /    \lJ  (^-  ^^'^  ^^  *^  station  of  five  sta- 

>  ^-n/1^^       mens,  b  b  would  be  the  situations  of 

^    j       tlie  carpels :  this  relative  position  is 

therefore  considered  the  normal  one, 

Co)  ^^^  ^  ^"  ^^^  ^^^  which  usually  ex- 
^-^  ists  in  perfectly  regular  flowers; 
but  as  all  the  parts  of  a  flower, 
in  consequence  of  the  non-developement  of  some  parts,  or 
the  excessive  developement  of  others,  are  subject  to  devia- 
tions, feither  real  or  apparent,  from  what  is  considered 
their  normal  state,  it  frequently  happens  that  the  carpels 
either  bear  no  apparent  relation  to  the  stamens  or  are 
opposite  to  them.  In  Papilionaceous  plants,  for  example, 
where  only  one  carpel  is  present,  it  is  difficult  to  say  that  it 
bears  any  exact  relation  to  the  stamens,  although  it  is  pro- 
bable that  its  position  is  really  normal  with  regard  to  them ; 
and  so  also  in  Rosaceous  plants,  with  numerous  carpels,  no 
exact  relation  can  be  proved  to  exist  between  the  latter  and 
the  stamens,  unless  it  may  be  said  to  be  indicated  by  those 
genera,  such  as  Spiraea,  in  which  the  carpels  are  reduced  to 
five ;  and,  finally,  in  such  plants  as  Delphinium,  in  which  the 
carpels  are  three,  while  the  floral  envelopes  and  male  system 
are  divided  upon  a  quinary  plan,  it  is  manifest  that  no  alter- 
nation c€m  exist  between  the  stamens  and  carpels. 

As  the  sepals  and  petals  most  commonly  consist  each  of  a 
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single  whorl  of  parts,  bo  the  pistil  is  more  trequently  com- 
posed of  one  whorl  of  carpels  than  of  more.  There  are,  how- 
ever, certain  &milies  in  which  several  whorls  are  produced 
one  within  the  otlier,  as  In  Fragaria,  Ranunculus,  Magnolia, 
Annona,  and  the  like.  In  these  cases  it  mostly  happens  that 
the  carpels  are  either  entirely  separate  or  nearly  so;  but  it 
sometimes  happens  that  syncarpous  pistils  are  habitually  pro- 
duced with  more  than  one  whorl  of  carpels,  and  consequently 
of  cells,  as  Nicotiana  multivalvis,  and  some  varieties  of  the 
genus  Citrus.  In  such  instances  the  placentae  of  the  outer 
series  will  necessarily  he  applied  to  the  backs  of  the  inner 
series,  as  has  been  just  demonstrated. 

This  mutual  relation  of  the  different  rows  of  carpels  is 
sometimes  observed  when  the  receptacle  from  which  they 
arise  is  either  convex  or  concave:  in  tlie  former  state  the 
outer  series  will  obviously  be  lowermost,  and  in  the  latter 
uppermost;  a  circumstance  that  leads  to  no  intricacy  of  struc- 
ture when  the  carpels  are  distinct,  but  which  may  cause  an 
exceedingly  anomalous  structure  in  syncarpous  pistils,  espe- 
cially when  accompanied  by  other  unusual  modificationB  of 
structure.  There  can  be  no  doubt  that  the  true  nature  of 
the  composition  of  the  pomegranate  is  to  he  explained  upon 
this  principle.  In  order  to  make  these  consideratioi^  more 
clear,  let^*.  125, 126,  and  127.  represent — Jig.  125.  a  convex 
receptacle,  with  distinct  carpels ;  _/&)-.  126.  a  concave  one,  with 
the  same;  and  Jig.  127.  a  concave  one,  with  the  carpeb  con- 


solidated. In  these,  a  a  are  the  outer  row  of  carpels,  b  b  the 
next,  and  (f  </  the  central  row.  The  relative  position  of 
tliese,  as  the  receptacle  is  convex  or  concave,  will  now  be 
apparent. 
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I  have  stated  that  tlie  placenta,  however  simple  it  may  ap- 
pear to  be,  is  really  tlie  result  of  the  union  of  two  united  mar- 
gins of  a  carpellary  leaf:  it  is,  therefore,  essentially  double; 
and,  accordingly,  we  find  that  in  polyspermous  ovaries  the 
ovules  are  almost  always  arranged  in  two  rows,  as  in  the  Pea 
and  Bean,  the  Quince,  the  Paeony,  &c. ;  nevertheless  there 
are  instances  in  which  the  placentae  occupy  a  considerable 
portion  of  the  wall  of  the  ovary,  and  bear  the  ovules  in  a 
great  many  rows,  but  in  no  certain  order,  as  in  Nymphaea ; 
and,  on  the  other  hand,  some  plants  have  the  placentas  so 
little  developed,  that  not  more  than  one  ovule  is  generated 
between  the  two  placentae,  as  in  Boragineae,  Labiatae,  Umbelli- 
ferae,  Stellatae,  Compositae,  and  many  others.  There  can  be 
no  doubt,  however,  that  all  the  latter  cases  are  mere  instances 
of  suppressed  structure,  in  consequence  of  the  general  incom- 
pleteness of  developement. 

When  two  leaves  are  developed  upon  a  stem,  they  are 
always  opposite,  and  never  side  by  side.  As  carpels  are 
modified  leaves,  they  necessarily  obey  this  law;  and,  conse- 
quently, when  a  pair  of  carpels  forms  a  bilocular  ovarium,  the 
separation  of  the  two  cells  is  directly  across  the  axis  of  the 
flower. 

The  partitions  that  are  formed  in  ovaries,  by  the  united 
sides  of  cohering  carpels,  and  which  separate  the  inside  into 
cells,  are  called  dissepiments  or  septa.  It  is  extremely  im- 
portant to  bear  in  mind,  not  only  that  such  is  really  their 
origin,  but  that  they  cannot  possibly  have  any  other  origin, 
in  order  to  form  an  exact  idea  of  the  structure  of  pistils. 
Now,  as  each  dissepiment  is  thus  formed  of  two  united  sides, 
it  necessarily  consists  of  two  plates,  which  are,  in  the  ovary 
state,  often  so  completely  united,  that  their  double  origin  is 
undiscoverable,  but  which  frequently  separate  in  the  ripe 
pericarp.  This  happens  in  Rhododendron,  Euphorbia,  Pent- 
stemon,  and  a  multitude  of  other  plants.  The  consideration 
of  this  circumstance  leads  to  certain  laws  which  cannot  be 
subject  to  exception,  but  which  are  of  great  importance ;  the 
principal  of  which  are  these  : — 

1.  All  dissepiments  are  vertical  and  never  harizantaL  —  For 
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if  a,  h  in  Jig.  128.  represents  the 
side  of  one  carpel  and  c,  d  that 
of  another,  the  dissepiment  a,  c, 
i,  d  formed  by  this  union  will 
have  precisely  the  same  direction 
as  that  of  the  carpels,  and  can 
never  acquire  any  other  ;  and 
h  the  same  would  be  true  of  the 
sides  e,y  and  g^  A,  if  they  formed  themselves  into  dissepiments 
by  uniting  witli  other  carpels :  consequently  a  partition  in  any 
cell  in  the  direction  of  i,  k  could  not  be  a  dissepiment,  but 
would  be  of  a  different  nature. 

2.  They  are  tmiformly  equal  in  number 
to  the  carpels  out  of  which  the  pistillum  is 

firmed, — Suppose  the  triangle  A,  B,  C 
represented  a  transverse  section  of  an 
ovary  formed  by  the  imion  of  three  car- 
pels 0,  0,  0  ;  then  d,  e^  f  would  be  the 
dissepiments,  and  could  not  be  either 
more  or  less  in  number. 

3.  They  proceed  directly  from  the  pla- 
centcB. — As  the  placenta  is  the  margin 

of  the  carpellary  leaf,  and  as  the  dissepiment  is  the  side  of  the 
carpellary  leaf,  it  is  evident  that  a  dissepiment  cannot  exist 
apart  from  the  placenta.  Hence,  when  any  partition  exists  in 
an  ovary  and  is  not  connected  with  the  placenta,  it  follows 
that  such  a  partition  is  not  a  dissepiment,  however  much  it 
may  otherwise  resemble  one. 

4.  TTiey  are  alternate  with  placentiB^  formed  by  the  cohesion 

B  of  the  margins  of  the  same  carpel^  and  op^ 
posite  to  placentcBy  formed  by  the  cohesion 
of  the  contiguous  margins  of  different  car-- 
pels. — Let  the  triangle  A,  B,  C  repre- 
sent a  transverse  section  of  a  three-celled 
ovary  of  which  d,  e^  f  are  the  dissepi- 
ments: the  dissepiments  d  and  e  will 
alternate  with  the  placentae  m,  g^  both 
belonging  to  the  carpel  A ;  but  the  dis- 
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sepiment  d  will  be  opposite  the  placentae  wi,  U  formed  by  the 
cohesion  of  the  contiguous  margins  of  the  carpels  A  and  B. 

5.  A  single  carpel  can  have  no  dissepiment  whatever* 

6.  The  dissepiment  will  always  cdtemate  with  the  stigma  ;  — 
for  the  stigma  is  the  extremity  of  the  midrib  of  the  carpellary 
leaf,  or  of  the  dorsal  suture  of  the  carpel ;  and  the  sides  of 
either  of  these  (which  form  dissepiments)  will  be  right  and 
left  of  the  stigma,  or  in  the  same  position  with  regard  to  the 
latter  organ  as  the  sides  of  the  lamina  of  a  leaf  to  its  apex. 
Let  the  triangle,  a,  ^,  c,  represent  a  ^31 

transverse    section    of  a    three-celled^^ fi, _i^ 

ovary,  of  which  d^  e,  y  are  the  dissepi- 
ments. The  stigmas  would  occupy  a 
position  equal  to  that  of  the  spaces 
«,  «,  «,  and  would  consequently  be  al- 
ternate with  d^  e^  fi  the  dissepiments : 
they  could  not  possibly  be  placed 
opposite  d^  ej  j\  upon  any  principle  of 
structure  with  which  we  are  acquainted.  ® 

This  law  proves,  that  neither  the  membrane  which  separates 
the  two  cells  of  a  Cruciferous  siliqua,  nor  the  vertical  plate 
that  divides  the  ovary  of  Astragalus  into  two  equal  portions, 
are  dissepiments ;  both  are  expansions  of  the  placenta,  or  of 
some  other  part,  in  different  degrees. 

Such  is  the  structure  of  an  ovary  in  its  most  common  state ; 
certain  deviations  from  it  remain  to  be  explained.  We  have 
seen  that  when  carpels  become  syncarpous,  they  form  a  pistil, 
the  ovary  of  which  has  as  many  cells  and  dissepiments  as  there 
are  carpels  employed  in  its  construction.  But  sometimes  the 
united  sides  of  the  carpels  do  not  project  so  far  into  the  cavity 
of  the  ovary  as  to  meet  in  the  axis,  as  in  the  Poppy ;  and  then 
the  result  is  an  ovary,  which,  although  composed  of  many  car- 
pels, is  nevertheless  one-celled  (^.134.).  In  such  case  the 
dissepiments  project  a  short  distance  only  beyond  the  inner 
lining,  or  pariesy  of  the  ovary,  and,  bearing  on  their  edges  the 
placentae,  the  latter  are  said  to  be  parietal.  In  other  plants, 
such  as  Corydalis,  Viola,  and  Orchis,  the  carpels  are  not 
folded  together  at  all,  but  are  spread  open  and  united  by  their 
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edges  {fig.  133.) :  in  that  case  the  placentae  do  not  project 
at  all  into  the  cavity  of  the  ovary,  but  are  still  more  strictly 
parietal  than  the  last. 

132  133  134 


Another  class  of  anomalies  of  a  still  more  remarkable  cha- 
racter, is  that  in  which  the  dissepiments  are  obliterated,  while 
the  placentas  remain  a  distinct  mass  in  the  centre  of  the 
ovary,  as  in  Lychnis ;  forming  what  is  called  a  free  central 
placenta  {fig.  132.).  But,  if  we  examine  these  plants  at  a  very 
early  period  of  their  formation,  long  before  the  flowers  expand, 
the  explanation  of  the  anomaly  will  be  obvious.  Such  plants 
are,  at  that  time,  constructed  upon  the  ordinary  plan,  with 
their  dissepiments  meeting  in  the  centre  and  forming  there  a 
fungous  placenta ;  but  subsequently  the  shell  of  the  ovary 
grows  more  rapidly  than  the  dissepiments,  and  breaks  away 
from  them  ;  while  the  excessive  growth  of  the  placenta  after- 
wards destroys  almost  all  trace  of  them  :  their  previous  pre- 
sence is  only  to  be  detected  by  lines  upon  the  shell  of  tlie 
ovary,  or  by  a  separation  of  the  mass  of  ovules  into  distinct 
parcels  upon  the  placenta. 

All  partitions  whose  position  is  at  variance  with  the  fore- 
going laws  are  spurious.  Such  spurious  dissepiments  are 
caused  by  many  circumstances,  the  chief  of  which  are  the 
following :  —  they  are  caused  by  expansions  of  the  placenta, 
as  in  Cruciferae,  when  they  form  a  partition  stretching  from 
one  side  to  the  other  of  the  fruit ;  or  they  are  mere  dilatations 
of  the  lining  of  the  pericarp,  as  in  Cathartocarpus  Fistula,  in 
which  they  are  horizontal ;  or  they  are  internal  expansions  of 
the  dorsal  or  ventral  suture,  as  in  Amelanchier,  Astragalus, 
and  Thespesia,  in  which  they  are  distinguishable  from  their 
dissepiments  by  not  bearing  the  placentae,  and  by  being  op- 
posite the  stigma,  or  by  projecting  beyond  the  placentae ;  or, 
finally,  they  are  caused  by  the  sides  of  the  ovary  projecting 
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into  the  cavity,  uniting  and  forming  many  supernumerary 
cells,  as  in  Diplophractum. 


11.     Of  the  Receptacle. 

The  part  upon  .which  the  carpels  are  seated  is  the  apex  of 
the  peduncle,  or  the  summit  of  the  floral  branch,  of  which  the 
carpels  are  the  termination.  Usually  this  part,  which  is  called 
the  receptacle,  is  flat,  or  merely  a  vanishing  point ;  but  in 
other  cases  it  is  very  much  dilated,  and  then  assumes  a  variety 
of  curious  appearances.  This  receptacle  is  called  torus,  or 
thalamus  as  well  as  receptaadum,  and,  in  Greek  compounds, 
has  the  name  of  clinium. 

In  Annonaceae  and  Magnoliaceae  it  elevates  itself  from  the 
base  of  the  calyx,  and  bears  the  numerous  stamens  peculiar 
to  these  orders:  here  it  is  called  Gonophore  (Gonophorum)  by 
De  Candolle.  In  Caryophylleae  the  receptacle  is  elongated, 
and  bears  on  its  summit  the  petals  and  stamens :  De  Candolle 
calls  this  form  Anthophore  (Anthophorum).  When  it  is  suc- 
culent and  much  dilated,  so  as  to  resemble  the  receptacle  of  a 
Composita,  bearing  at  the  same  time  many  ovaries,  as  in  the 
Strawberry  and  Raspberry,  Richard  calls  it  Polyphore :  most 
commonly  such  a  receptacle  is  suflSciently  described  by  the 
adjective  fleshy.  If  only  a  single  row  of  carpels  developes 
upon  such  a  receptacle,  as  in  Ochna,  and  there  is  an  oblique 
inclination  of  the  carpels  towards  the  axis  of  the  flower,  we 
have  the  Gyrvohase  (Plate  V.  fig. 3. a);  in  tlie  Geranium  this 
part  is  remarkable  for  being  lengthened  into  a  tapering 
woody  cone  to  which  the  styles  adhere  in  the  form  of  a  beak. 
In  Nelumbium  it  is  excavated  into  a  number  of  cavities,  in 
which  the  ovaries  are  half  hidden.  It  may  be  conjectured 
that  the  receptacle  is  in  reality  the  growing  point  of  the 
flower  bud,  and  that  it  is  analogous  to  the  spongy  head  of  the 
spadix  in  Arum,  and  to  the  hard  spines  of  the  Black-thom. 

12.    Of  the  Ovule. 

The  Ovuh  (Plate  V.  flg.  16.  to  26.)  is  a  small,  semipel- 
lucid,  pulpy  body,  borne  by  the  placenta,  and  gradually  chan- 
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ging  into  a  seecL    Its  internal  structure  is  exceedingly  difficult 
to  determine,  either  in  consequence  of  its  minuteness,  or  of 
the  extreme  delicacy  of  its  parts,  which  are  easily  torn  and 
crushed  by  the  dissecting  knife.     It  is  doubtless  owing  to  this 
circumstance  chiefly,  that  the  anatomy  of  the  ovule  was  almost 
unknown  to  botanists  of  the  last  century,  and  that  it  has  only 
begun  to  be  understood  within  ten  or  twelve  years,  during 
which  it  has  received  ample  illustration  from  several  skilful 
observers.     Brown,  indeed,  claims  to  have  pointed  out  its  real 
nature  so  long  ago  as  1814;  but  the  brief  and  incomplete 
terms  then  used  by  that  gentleman,  in  the  midst  of  a  long 
description  of  a  single  species,  in  the  Appendix  to  Captain 
Flindes's  Voyage,  unaccompanied  as  they  were  by  any  ex- 
planatory  remarks,  prove  indeed   that  he  knew  something 
of  the  subject,  but  by  no  means  entitle  him  to  the  credit  of 
having,  at  that  time,  made  the  world  acquainted  with  it.    The 
late  Mr.  Thomas  Smith  seems  to  deserve  the  honour  of  having 
first  made  any  ffenercU  remarks  upon  the  subject:  of  what 
extent  they  exactly  were  is  not  known,  as  his  discoveries,  in 
1818,  were  communicated,  as  it  would  seem,  in  conversation 
only;  but  it  is  to  be  collected  from  Brown's  statement  that 
they  were  of  a  highly  important  nature.     Since  that  period 
the  structure  of  the  ovule  has  received  much  attention  from 
Brown,   in   England;  Turpin  and  Adolphe  Brongniart,  in 
France ;  and  Treviranus,   in  Germany ;  by  all  of  whom  the 
subject  has  been  greatly  iUustrated.     It  is,  however,  to  Mir- 
bel,  —  who,  by  collecting  the  discoveries  of  others,  examining 
their  accuracy,  and  combining  them  with  numerous  admirable 
observations  of  his  own,  has  given  a  full  account  of  the  gra- 
dual development  and  the  different  modifications  of  the  ovule^ 
—  that  we  are  indebted  for  by  far  the  best  description  of  that 
important  organ.     His  two  papers  read  before  the  Academy 
of  Sciences  at  Paris,  in  1828  and  1829,  are  a  perfect  model 
of  candour  and  patient  investigation,  and  form  the  basis  of 
what  is  here  about  to  be  recorded  on  the  subject.     I  regret, 
however,  that  the  space  which  can  now  be  devoted  to  the 
explanation  of  the  structure  of  the  ovule  is  by  no  means  such  as 
its  intricacy  and  interest  demand. 

As  the  ovules  are  the  production  of  the  placentae,  they 
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necessarily  originate  in  the  margins  of  the  carpellary  leaf :  and 
hence  they  have  been  compared  to  the  buds  found  upon  the 
margins  of  some  true  leaves,  and  may  be  shown  to  be  actually 
analogous  to  them  in  structure. 

Of  the  truth  of  this  there  can  now  be  little  doubt;  for,  to 
say  nothing  of  such  plants  as  Bryophyllum,  which  habitually 
form  buds  on  the  margins  of  the  leaves,  or  of  Malaxis 
paludosa,  in  which  the  edge  of  the  leaf  is  frosted  by  little 
miscroscopical  points,  that  are  neither  exactly  ovules  9or 
exactly  buds,  or  of  the  bracts  of  Marcgraavia,  which  Tur- 
pin,  with  much  ingenuity,  has  endeavoured  by  mere  argu- 
mentation to  prove  analogous  to  the  primine  of  the 
ovule,  it  has  been  shown  by  Henslow  that  in  the  Mignio- 
nette  the  ovules  do  actually  become  transformed  into  leaves, 
either  solitary  or  rolled  together  round  an  axis,  of  which  the 
nucleus  is  the  termination.  {Cambr.  Phil.  Trans,  vol.  v. 
part  i.)  Engelman  also  mentions  and  figures  instances  of 
similar  changes ;  but  he  does  not  say  in  what  plants,  nor  are 
his  figures  by  any  means  satisfactory.  He,  however,  concludes 
from  the  observations  of  himself  and  Schimper,  that  "  the 
ovules  are  buds  of  a  higher  order,  their  integuments  leaves,  and 
their  stalk  the  axis,  all  which  in  cases  of  retrograde  metamor- 
phosis are  converted  into  stem  and  green  leaves.'*  (De  An- 
tholysi  prodromus^  §  44.  76.  t.  5.  ^  4,  5.)  I  should  rather  say 
that  the  evidence  goes  to  prove  that  the  ovule  is  a  leaf-bud  in 
a  particular  state,  that  the  integuments  are  scales  (i.  e.  rudi- 
mentary leaves)  rolled  up  and  united  at  their  touching  mar- 
gins, and  that  the  nucleus  is  the  growing  point,  to  which  I 
have  already  on  so  many  different  occasions  directed  attention. 

In  almost  all  cases  the  ovule  is  enclosed  within  an  ovary, 
as  would  necessarily  happen  in  consequence  of  the  convolute 
nature  of  the  carpellary  leaves :  but  if  the  convolution  is  im- 
perfect, as  in  Reseda,  the  ovules  are  partially  naked;  and  if 
it  does  not  exist  at  all,  as  in  Cycadeae  and  C^oniferse,  the 
ovules  are  then  entirely  naked,  and,  instead  of  being  fertilised 
by  matter  conveyed  through  the  stigma  and  the  style,  as 
in  other  plants,  are  exposed  to  the  direct  influence  of  the 
pollen.  This  was  first  noticed  by  Brown;  and,  altliough  since 
contradicted,  seems  to  be  perfectly  true. 
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When  the  ovules  are  attached  to  the  placenta  by  a  kind  of 
cord,  that  cord  is  called  the  Juniculus  (Plate  V.  fig.  26.  a),  and 
is  a  mere  prolongation  of  the  placenta. 

In  the  beginning  the  ovule  is  a  pulpy  excrescence  (Plate 
V.  fig.  16.),  appearing  to  be  perfecdy  homogeneous,  with  no 
trace  of  perforation  or  of  envelopes.  But,  as  it  advances  in 
growth,  it  is  gradually  (Plate  V.  fig.  17  to  21.)  enclosed  in 
two  sacs  or  integuments,  which  are  open  only  at  their  apex, 
where,  in  both  these  sacs,  a  passage  exists,  called  the  foramen, 
(Plate  V.  fig.  21.  a);  or,  in  the  language  of  Mirbel,  exostome 
(fig.  25.  a),  in  the  outer  integument,  and  endostome  (fig. 
25.  &),  in  the  inner  integument.  The  central  part  ia  a 
fleshy,  pointed,  pulpy  mass,  called  the  nudetUj  or  nucelk 
(Plate  V.  fig.  19,  20.  a,  22.  i,  23.  c,  24.  d,  25.  c,  27.  e). 

The  outermost  of  the  sacs  (Plate  V.  fig.  22.  c,  23.  a,  25.  c) 
is  called  the  primine.  It  is  either  merely  a  cellular  coating, 
or  it  is  traversed  by  numerous  veins  or  bundles  of  tubes, 
these  are  sometimes  very  apparent,  as  in  the  Orange  tribes, 
and  Mirbel  seems  disposed  to  think  that  they  often  exist  in  a 
rudimentary  state  when  they  are  not  visible.  Usually  it  is 
nearly  as  long  as  the  secundine,  but  sometimes  it  is  remark- 
ably shorter,  as  in  the  Euphorbia  Lathyris  when  very  young 
(Plate  V.  fig.  22.). 

The  outermost  but  one  of  the  sacs  (Plate  V.  fig.  23.  i, 
20.  &,  25.  d)  is  called  the  secundine ;  it  immediately  reposes 
upon  the  primine,  and  often  contracts  an  adhesion  with  it, 
so  that  the  two  integuments  become  confounded.  In  order  to 
ascertain  its  existence,  it  is,  therefore,  often  necessary  to 
examine  the  ovule  at  a  very  early  period  of  its  growth.  It 
is  probable  that  it  always  exists ;  but  Myrica,  Alnus,  Corylus, 
Quercus,  tfnd  Juglans  have  been  named  by  Mirbel  as  plants 
in  which  the  secimdine  is  not  perceptible  (Plate  V.  fig.  24.). 
Its  point  is  usually  protruded  beyond  the  foramen  of  the 
primine. 

The  nucleus  (Plate  V.  fig.  22.  ft,  18,  19,  20.  a,  24.  d,  25.  e) 
is  a  pulpy  conical  mass,  enclosed  by  the  primine  and  secun- 
dine, and  often  covered  by  them;  but  fi^uently  protruded 
beyond  the  latter,  and  afterwards,  at  a  subsequent  period  of 
its  growth,  again  covered  by  them.     Sometimes  its  cuticle 
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separates  in  the  form  of  a  third  coating  of  the  ovule  caUed  the 
tercine. 

These  three  parts,  the  primine,  the  secundine,  and  the 
nucleus,  have  all  an  organic  connection  at  some  one  point  of 
their  surface.  That  point  is,  in  ovules  whose  parts  do  not 
undergo  any  alteration  of  direction  in  the  course  of  their 
growth,  at  the  base  next  the  placenta ;  so  that  the  nucleus  is 
like  a  cone,  growing  from  the  base  of  a  cup,  the  base  of  which 
is  connected  with  the  hilum  through  another  cup  like 
itself  (Plate  V.  fig.  23.).  The  axis  of  such  an  ovule  which 
Mirbel  calls  arthotropotu^  is  rectilinear,  as  in  Mjrrica,  Cistus, 
Urtica,  &c.;  and  the  foramen  is  at  the  end  of  the  ovule  most 
remote  from  the  hilum. 

But  sometimes,  while  the  base  of  the  nucleus  and  that  of 
the  outer  sacs  continue  contiguous  to  the  hilum,  the  axis  of 
the  ovule,  instead  of  remaining  rectilinear,  is  curved  down 
upon  itself  (Plate  V.  fig.  26,  27.);  so  that  the  foramen,  in- 
stead of  being  at  the  extremity  of  the  ovule  most  remote  from 
the  hilum,  is  brought  almost  into  contact  with  it.  Examples 
of  this  are  found  in  Papilionaceous  plants,  Caryophyllous 
plants,  Mignionette,  &c.  Mirbel,  who  first  distinguished  these, 
calls  them  campvlitropous.  In  both  these  modifications  the  base 
of  the  ovule  and  the  base  of  the  nucleus  are  the  same. 

In  a  third  class  the  axis  of  the  ovule  remains  rectilinear ; 
but  one  of  the  sides  grows  rapidly,  while  the  opposite  side 
does  not  grow  at  all,  so  tliat  the  point  of  the  ovule  is  gradually 
pushed  round  to  the  base;  while  the  base  of  the  nucleus  is 
removed  from  the  hilum  to  the  opposite  extremity  (Plate  V. 
fig.  16 — 21.);  and  when  this  process  is  completed  the  whole  (^ 
the  inside  of  the  ovule  is  reversed ;  so  that  the  apex  of  the 
nucleus,  and  consequently  the  foramen,  corresponds  with  the 
base  of  the  ovule.  Such  ovules  as  these  Mirbel  terms  anor 
tropous;  they  are  very  common :  examples  may  be  found  in 
the  Almond,  the  Apple,  the  Ranunculus,  the  cucumber,  &c. 
When  the  base  of  the  nucleus  is  thus  removed  from  the  base 
of  the  ovule,  a  communication  between  the  two  is  always 
maintained  by  means  of  a  vascular  cord,  called  the  raphe 
( Plate  V.  fig.  24.  e,  25.  /).  This  raphe,  which  originates 
in  the  placenta,  runs  up  one  side  of  the  ovule,  until  it  reaches 
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the  base  of  the  nucleus;  and  there  it  expands  into  a  sort  of 
vascular  disk,  which  is  called  the  chalaza  (Plate  V.  fig.  24. 
/f  25.  ff).  As  the  chalaza  is  uniformly  at  the  base  of  the 
nucleus,  it  will  follow  that,  in  Orthotropous  and  Campulitro- 
pous  ovules  it  is  confounded  with  the  hiliun  ;  while  it  is  only 
distinguished  in  Anatropous  ones,  in  which  alone  it  is  dis- 
tinctly to  be  recognised. 

It  has  been  remarked  that  the  raphe  or  vascular  extension 
of  the  placenta  always  occupies  the  side  next  the  ventral 
suture  of  the  ovary ;  and  that  when,  as  in  Euonymus,  it  is 
turned  towards  the  dorsal  suture,  that  circumstance  arises 
from  an  alteration  in  the  position  of  the  ovule  subsequent  to 
its  being  fertilised 

It  has  also  been  stated  that  the  passage  through  tlie 
primine  and  secundine  is  called  the  foramen;  or  the  exos- 
tome,  when  speaking  of  that  of  the  primine ;  and  the  endos- 
tome,  in  speaking  of  the  secundine.  Upon  these  Mirbel 
remarks, — "  These  two  orifices  are  at  first  very  minute,  but 
they  gradually  enlarge ;  and,  when  they  have  arrived  at  tlie 
maximum  of  dilatation  they  can  attain,  they  contract  and 
close  up.  Tlus  maximum  of  dilatation  is  so  considerable  in  a 
great  number  of  species,  in  proportion  to  the  size  of  the 
ovule,  that,  to  give  an  exact  idea  of  it,  I  would  compare  it 
not  to  a  hole,  as  those  express  themselves  who  have  hitherto 
spoken  of  the  exostome  and  endostome,  but  to  the  mouth  of 
a  goblet  or  of  a  cup.  It  may  therefore  be  easily  understood, 
that,  to  perceive  either  the  secundine  or  the  nucleus,  it  is  not 
necessary  to  have  recourse  to  anatomy.  I  have  often  seen, 
most  distinctly,  the  primine  and  secundine  forming  two  large 
cups,  one  of  which  encompassed  the  other  without  entirely 
covering  it,  and  the  nucleus  extending  itself  in  the  form  of 
an  elongated  cone  beyond  the  secundine,  to  the  bottom  of 
which  its  base  was  fixed." 

In  practical  botany  the  detection  of  the  foramen  is  often  a 
matter  of  great  importance ;  for  it  enables  an  observer  to 
judge  from  the  ovule  of  the  direction  of  the  radicle  of  the 
future  embryo :  it  having  been  ascertained  by  many  observ- 
ations that  the  radicle  of  the  embryo  is  almost  always  pointed 
to  the  foramen.     A  partial  exception  to  this  law  exists,  how- 
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ever,  in  Euphorbiaceae,  in  many  of  which  Mirbel  has 
noticed  that,  after  fertilisation,  the  axis  of  the  nucleus  and  the 
endostome  is  inclined  five  or  six  degrees,  without  the  exos- 
tome  changing  its  position ;  by  this  circumstance  the  foramen 
of  the  secundine  and  that  of  the  primine  cease  to  correspond, 
and  the  radicle,  instead  of  pointing  when  formed  to  the  exos- 
tome,  is  directed  to  a  point  a  short  distance  on  one  side  of  it. 

Besides  the  two  external  integuments,  Mirbel'  has  re- 
marked the  occasional  presence  of  three  others  peculiar  to 
the  nucleus,  which  he  calls  the  tercine^  quartine,  and  quintine* 

The  former  is  the  external  coat  of  the  nucleus,  and  is  very 
generally,  if  not  universally,  present.  As  I  am  almost  unac- 
quainted either  with  it  or  the  two  latter,  I  can  add  nothing  to 
the  following  remarks  of  Mirbel  upon  tlie  subject: — "The 
quartine  and  quintine  are  productions  slower  to  show  them- 
selves than  the  preceding.  The  quartine  is  not  very  rare, 
although  no  one  has  previously  indicated  it ;  as  to  the  quin- 
tine, which  is  the  vesicula  amnios  of  Malpighi,  the  culditianal 
membrane  of  Brown,  and  the  sac  of  the  embryo  of  Adolphe 
Brongniart,  I  am  far  from  thinking  that  it  only  exists  in  a 
small  number  of  species,  as  Brown  seems  to  suppose.  If  no 
one  has  noticed  the  quartine,  it  is,  no  doubt,  because  it  has 
been  confounded  with  the  tercine ;  nevertheless  these  two  en- 
velopes differ  essentially  in  their  origin  and  mode  of  growth. 
I  have  only  discovered  the  quartine  in  ovules  of  which  the 
tercine  is  incorporated  at  an  early  period  with  the  secundine ; 
and  I  think  that  it  is  only  in  such  cases  that  it  exists.  At  its 
first  appearance  it  forms  a  cellular  plate,  which  lines  all  the 
internal  surface  of  the  wall  of  the  cavity  of  the  ovule ;  at  a 
later  period  it  separates  from  the  wall,  and  only  adheres  to 
the  summit  of  the  cavity :  at  this  period  it  is  a  sac,  or  rather 
a  perfectly  close  vesicle.  Sometimes  it  rests  finally  in  this 
state,  as  in  Statice ;  in  other  cases  it  fills  with  cellular  tissue, 
and  becomes  a  pulpy  mass ;  under  this  aspect  it  is  seen  in 
Tulipa  gesneriana.  All  this  is  the  reverse  of  what  takes  place 
in  the  tercine ;  for  this  third  envelope  always  begins  by  being 
a  mass  of  cellular  tissue,  (and  at  that  time  it  has  the  name,  as 
we  have  seen,  of  nucleus,)  and  generally  finishes  by  becoming 
a  vesicle. 
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"  I  have  remarked  the  fifth  envelope,  or  quintine,  in  many 
species ;  its  general  characters  are  such  as  to  prevent  its  being 
mistaken.  Its  complete  development  takes  place  only  in  a 
nucleus  which  remains  full  of  cellular  tissue,  or  in  a  quartine 
that  has  filled  with  the  same.  At  the  centre  of  the  tissue  is 
organised,  as  in  a  womb,  the  first  rudiment  of  the  quintine ; 
it  is  a  sort  of  delicate  intestine,  which  holds  by  one  end  to  the 
summit  of  the  nucleus,  and  by  the  other  end  to  the  chalaza. 
The  quintine  swells  from  top  to  bottom ;  it  forces  back  on  all 
sides  the  tissue  that  surrounds  it,  and  it  often  even  invades  the 
place  occupied  by  the  quartine  or  the  nucleus.  A  very 
delicate  thread,  the  suspensor,  descends  from  the  summit  of 
the  ovule  into  the  quintine,  and  bears  at  its  extremity  a 
globule  which  is  the  nascent  embryo." 

It  is  apparently  this  quintine  that  Brown  describes,  in 
the  ovule  of  the  Orchis  tribe,  as  a  thread  consisting  of  a 
simple  series  of  short  cells,  the  lowermost  joint  or  cell  of 
which  is  probably  the  original  state  of  what  afterwards,  from 
enlargement  and  deposit  of  granular  matter,  becomes  the 
opaque  speck,  or  rudiment  of  the  future  embr}^o.  ( Observ. 
en  the  Organs^  Sfc.  ofOrck.  and  Asclepiad.  pp.  18,  19.) 

"  The  existence,"  continues  Mirbel,  "  of  a  cavity  in  the 
quartine,  or,  indeed,  the  destruction  of  the  internal  tissue  of 
the  nucleus,  at  the  period  when  the  quintine  developes, 
becomes  the  cause  of  some  modifications  in  the  manner  of 
existence  of  this  latter  integument  The  quintine  is  never 
seen,  in  certain  Cucurbitaceae,  adhering  to  the  chalaza :  it  is 
nevertheless  evident  that  the  adhesion  has  existed.  The 
quintine,  distended  at  its  upper  part,  and  suspended  like  a 
lustre  from  the  top  of  the  cavity,  still  presents  at  its  lower  end 
a  portion  of  a  rudimentary  intestine  become  distinct;  the 
separation  occurred  very  early,  in  consequence  of  the  ..tearing 
of  the  tissue  of  the  nucleus. 

"  The  quintine  of  Statice  is  reduced  to  a  sort  of  cellular 
placenta,  to  the  lower  surface  of  which  the  embryo  is  attached. 
This  abortion  of  the  quintine  arises  from  the  quartine  having 
a  large  internal  cavity,  which  prevents  the  young  quintine 
from  placing  itself  in  communication  with  the  chalaza,  and 
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taking  that  development  which  it  acquires  in  a  multitude  of 
Other  species." 

The  fluid  matter  contained  within  the  nucleus  is  called  the 
Uquor  amnios,  and  is  supposed  to  be  what  nourishes  the 
embryo  during  its  growth. 

When  an  ovule  grows  erect  from  the  base  of  the  ovary,  it  is 
called  erect ;  when  from  a  little  above  the  base,  axeruHnff  ; 
when  it  hangs  from  the  summit  of  the  cavity,  it  is  peTididout ; 
and  when  from  a  little  below  the  summit,  it  is  ti 


13.   Of  the  Fruit. 
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The  fiuit  is  the  ovary  or  pistil  arrived  at  maturity ;  but, 
although  this  is  the  sense  in  which  the  term  is  strictly  applied, 
yet  in  practice  it  is  extended  to  whatever  is  combined  with 
the  ovary  Irhen  npe.  Thus  the  pine-apple  fruit  consists  of 
a  mass  of  bracts,  calyxes,  corollas,  and  ovaries ;  that  of  the 
nut,  the  scorn,  and  many  others,  of  the  superior  dry  calyx 
and  ovary ;  that  of  the  apple  of  a  succulent  superior  calyx, 
corolla,  and  ovary ;  and  that  of  the  strawbeny-blite  of  a 
succulent  inferior  calyx  and  dry  ovary. 

The  fruit  being  the  matured  ovary,  it  should  exhibit 
upon  some  part  of  its  sur&ce  the  traces  of  a  style  or  stigma ; 
and  this  mark  will,  in  many  cases,  enable  the  student  to  dis- 
tinguish minute  fruits  from  seeds.  Many  fruits  were  fbrmeriy 
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called  naked  seeds^  such  as  those  of  UmbeUifenc,  Labiatae, 
and  Boraginese,  and  the  grain  of  corn ;  but,  now  that  atten- 
tion has  been  paid  to  the  gradual  development  of  organs, 
such  errors  have  been  corrected.  In  cases  where  a  trace  of 
the  style  cannot  be  discovered,  anatomy  will  generally  show 
whether  a  minute  body  is  a  seed  or  fruit,  by  the  presence,  in 
the  latter  case,  of  two  separable  and  obviously  organically 
distinct  coatings  to  the  nucleus  of  the  seed;  but  in  other 
cases,  where  the  pericarp  and  the  integuments  of  the  seeds 
are  combined  in  a  single  covering,  and  where  no  trace  of 
style  remains,  as  sometimes  happens,  nothing  can  be  deter- 
mined as  to  the  exact  nature  of  a  given  body  without  follow- 
ing it  back  in  its  growth  to  its  young  state.  This,  however, 
may  be  stated,  that  naked  seeds,  properly  so  called,  are  not 
known  to  exist  in  more  than  three  or  four  orders  in  the 
whole  vegetable  kingdom;  viz.  in  Coniferae  and  Cycadea*, 
where  the  ovules  also  are  naked,  and  in  Peliosanthes  Teta 
and  Lebntice,  in  which  the  ovules,  originally  enclosed  in  an 
ovary,  rupture  it  at  an  early  period  after  fertilisation,  and 
subsequently  continue  naked  until  they  become  seeds. 

Such  being  the  case,  it  follows  that  all  the  laws  of  structiu'e 
which  exist  in  the  ovary  are  equally  to  be  expected  in  the 
fruit ;  and  this  fact  renders  a  repetition  in  this  place  of  the 
general  laws  of  formation  unnecessary.  Nevertheless,  as,  in 
the  course  of  the  advance  of  the  ovary  to  maturity,  many 
changes  often  occur  which  contribute  to  conceal  the  real 
structure  of  the  fruit,  it  is  in  all  cases  advisable,  and  in  many 
absolutely  necessary,  to  examine  the  ovary,  in  order  to  be 
certain  of  the  exact  construction  of  the  fruit  itself.  These 
changes  are  caused  by  the  abortion,  non-development,  obli- 
teration, addition,  or  union  of  parts.  Thus  the  three-celled 
six-ovuled  ovary  of  the  oak  and  the  hazel  becomes,  by  the 
non-development  of  two  cells  and  five  ovules,  a  fruit  with  one 
seed;  the  three-celled  ovary  of  the  cocoa-nut  is  converted 
into  a  one-celled  fruit  by  the  obliteration  of  two  cells  and  their 
ovules ;  and  the  two-celled  ovary  of  some  Pedalineae  becomes 
many-celled  by  a  division  and  elongation  of  the  placentas. 

In  a  very  early  state  the  ovary  of  the  Lychnis  and  of  the 
primrose  consists  of  five  cells,  each  with  a  placenta  having  a 
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number  of  ovules :  by  d^rees  the  dissepiments  are  ruptured 
and  obliterated  by  the  rapid  growth  of  the  shell  of  the 
ovary ;  and  it  finally  becomes  a  fruit  with  only  one  cell,  and 
a  large  fungous  placenta  in  the  middle.  In  Cathartocarpus 
fistida  a  one-celled  ovary  changes  into  a  fruit  having  each 
of  its  many  seeds  lodged  in  a  separate  cell,  in  consequence  of 
the  formation  of  numerous  horizontal  membranes  which  in- 
tercept the  seeds.  A  still  more  extraordinary  confusion  of 
parts  takes  place  in  the  fruit  of  the  pomegranate  after  the 
ovary  is  fertilised;  and  many  other  cases  might  be  men- 
tioned. 

Every  fruit  consists  of  two  principal  parts,  the  pericarp 
and  the  seed^  the  latter  being  contained  within  the  former. 
When  the  ovary  is  inferior,  or  coheres  with  the  cal3rx,*  the 
latter  and  the  pericarp  are  usually  so  completely  united 
as  to  be  inseparable  and  undistinguishable :  in  such  cases  it 
is  usual  to  speak  of  the  pericarp  without  reference  to  the 
calyx,  as  if  no  such  union  had  taken  place.  Botanists  call  a 
fruit,  the  pericarp  of  which  adheres  to  the  caljrx,  an  infe- 
rior fruit  (fructus  inferus) ;  and  that  which  does  not  adhere  to 
the  caljnc,  a  superior  fruit  (fructus  superus).  But  Desvaux 
has  coined  other  words  to  express  these  ideas:  a  superior 
fruit  he  calls  autocarpien  ;  an  inferior  fruit,  heterocarpien  ;  terms 
wholly  unnecessary  and  unworthy  of  adoption.  ^ 

Every  thing  which  in  a  ripe  fruit  is  on  the  outside  of  the 
real  integuments  of  the  seeds  belongs  to  the  pericarp.  It 
consists  of  three  different  parts,  the  epicarp^  the  sarcocarp^  and 
the  endocarp;  terms  contrived  by  Richard,  and  useful  in 
practice. 

The  epicarp  is  the  external  integument  or  skin ;  the  endo- 
carp, called  ptUamen  by  Gaertner,  the  inner  coat  or  shell ; 
and  the  sarcocarp,  the  intermediate  flesh.  Thus,  in  the  peach, 
the  separable  skin  is  the  epicarp,  the  pulpy  flesh  the  sarco- 
carp,  and  the  stone  the  endocarp  or  putamen.  In  the  apple 
and  pear  the  epicarp  is  formed  by  the  cuticle  of  the  cal}rx, 
and  the  sarcocarp  is  confluent  with  the  remainder  of  the 
calyx  in  one  fleshy  body. 

The  pericarp  is  extremely  diversified  in  size  and  texture, 
varying  from  the  dimension  of  a  single  line  in  length  to  the 
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magnitude  of  two  feet  in  diameter ;  and  from  the  texture  of  a 
delicate  membrane  to  the  coarse  fabric  of  wood  itself,  through 
various  cartilaginous,  coriaceous,  bony,  spongy,  succulent,  or 
fibrous  gradations. 

The  base  of  the  pericarp  is  the  part  where  it  unites  with 
the  peduncle ;  its  apex  is  where  the  style  was :  hence  the 
organic  and  apparent  apices  of  the  fruit  are  often  very  dif- 
ferent, especially  in  such  as  have  the  style  growing  from 
their  sides,  as  in  Rosacece  and  Chrysobalaneas,  Labiatae  and 
Boraginese. 

When  a  fruit  has  arrived  at  maturity  its  pericarp  either  con- 
tinues perfectly  closed,  when  it  is  indehtscent^  as  in  the  hazel- 
nut, or  separates  regularly  round  its  axis,  either  wholly  or 
partially,  into  several  pieces:  the  separation  is  called  dehU~ 
cence,  and  such  pieces  valves ;  and  the  axis  from  which  the 
valves  separate,  in  those  cases  where  there  is  a  distinct  axis,  is 
called  the  columella. 

When  the  dehiscence  takes  place  through  the  dissepiments 
it  is  said  to  be  septicidal;  when  through  the  back  of  the  cells 
it  is  called  loculicidal ;  if  along  the  inner  edge  of  a  simple 
fruit  it  is  called  sutural ;  if  the  dissepiments  are  separated 
from  the  valves  the  dehiscence  is  named  septifragal. 

In  septicidal  dehiscence  the   dissepiments  ^^^ 

divide  into  two  plates  and  form  the  sides  of  ^/\d 
each  valve,  as  in  Rhododendron,  Menziesia,  /        \ 
&c.    Formerly  botanists  said  that  in  this  sort  I — ^—  « 
of  dehiscence  the  valves  were  alternate  with  /     \^ 

the  dissepiments,    or    that  the   valves   had       v^LJ> 
their  margins    turned  inwards.     This   may  « 

be  understood  from  Jig.  168.,  which  represents  the  relative 
position  of  parts  in  a  transverse  section  of  a  fruit  with  septi- 
cidal dehiscence;  v  being  the  valves,  d  the  dissepiments,  and 
a  the  axis. 

In  loculicidal  dehiscence  the  dissepiments 
form  the  middle  of  each  valve,  as  in  the  lilac, 
or  in  the  diagram  169.,  where  the  letters 
have  the  same  value  as  above.  In  this  it 
was  formerly  said  that  the  dissepiments  were 
opposite  the  valves. 
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In  septifraffcd  dehiscence  the  dissepiments  * 

adhere  to  the  axis   and  separate  from  the        ^       ^  '^^ 
valves,  as  in  Convolvulus;  or  in   the   dia- 
gram 170.,  lettered  as  before. 

In  sutural  dehiscence  there  are  no  disse- 
piments, the  fruit  being  composed  of  only 
one  carpel,  as  the  pecu 

Besides  these  regular  forms  of  valvular  dehiscence,  there  is 
a  mode  which  obtains  in  a  very  few  plants,  called  circumscissile. 
This  occurs  by  a  transverse  circular  separation,  as  in  Ana- 
gaUis ;  in  JefFersonia  it  only  takes  place  half  round  the  fruit. 

Valvular  dehiscence,  which  is  by  far  the  most  common 
mode  by  which  pericarps  open,  must  not  be  confounded  with 
either  rupturing  or  solubility,  —  irregular  and  unusual  con- 
trivances of  nature  for  &cilitating  the  dispersion  of  seeds.  In 
valvular  dehiscence  the  openings  have  a  certain  reference  to 
the  cells,  as  has  been  already  shown ;  but  neither  rupturing 
nor  solubility  bear  any  distinct  relation  to  the  cells.  Mup^ 
taring  consists  in  a  spontaneous  contraction  of  a  portion  of  the 
pericarp,  by  which  its  texture  is  broken  through,  and  holes 
formed,  as  in  Antirrhinum  and  Campanula.  Solubility  arises 
from  the  presence  of  certain  transverse  contractions  of  a  one- 
celled  pericarp,  through  which  it  finally  separates  into  several 
closed  portions,  as  in  Omithopus. 

For  the  nature  of  the  placenta  and  umbilical  cord  see  the 
observations  under  ovary.  These  parts,  which  are  mere 
modifications  of  each  other,  essentially  appertain  to  the  peri- 
carp, in  which  the  former  often  acquires  a  spongy  dilated  sub- 
stance, occasionally  dividing  the  cells  by  spurious  dissepi- 
ments, and  often  giving  to  the  firuit  an  appearance  much  at 
variance  with  its  true  nature.  In  some  seeds,  as  Euonymus 
Europseus,  it  becomes  exceedingly  dilated  around  each  seed, 
forming  an  additional  envelope,  called  ariL  The  true  charac- 
ter of  this  organ  was  unknown  till  it  was  settled  by  Richard : 
before  his  time  the  term  was  applied,  not  only  in  its  true  sense 
to  an  enlargement  of  the  placenta,  but  also  to  the  endocarp  of 
certain  Rubiaceae  and  Rutaceae,  to  the  seed  coat  of  Jasminum, 
Orchideae,  and  others,  and  even  to  the  perianth  of  Carex.  A 
very  remarkable  instance  of  the  aril  is  to  be  found  in  the  nutmeg, 
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in  which  it  forms  the  part  called  the  mace  surrounding  the  seed. 
It  is  never  developed  until  after  the  fertilisation  of  the  ovule. 

Having  thus  explained  the  structure  of  the  pericarp,  it  is  in 
the  next  place  necessary  to  enquire  into  the  nature  of  its 
modifications,  which  in  systematic  botany  are  of  considerable 
importance.  It  is,  on  the  one  hand,  very  much  to  be  regretted 
that  the  terms  employed  in  this  department  of  the  science^ 
which  is  that  of  Carpology,  have  been  often  used  so  vaguely 
as  to  have  no  exact  meaning ;  while,  on  the  other  hand,  they 
have  been  so  exceedingly  multiplied  by  various  writers,  that 
the  language  of  carpology  is  a  mere  chaos.  In  practice 
but  a  small  number  of  terms  is  actually  employed ;  but  it  can- 
not be  doubted  that,  if  it  were  not  for  the  inconvenience  of 
overburdening  the  science  with  words,  it  would  conduce  very 
much  to  clearness  of  description  if  botanists  would  agree  to 
make  use  of  some  very  precise  and  uniform  nomenclature. 

What,  for  instance,  can  be  more  embarrassing  than  to  find 
the  term  md  applied  to  the  superior  plurilocular  pericarp  of 
Verbena,  the  gland  of  Corylus,  and  the  achenia  of  Rosa  and 
Borago;  and  that  of  berry  to  the  fleshy  envelope  of  Taxus,  the 
polyspermous  inferior  fruit  of  Ribes,  the  succulent  calyx  of 
Blitum,  and  several  other  things  ? 

So  much  discordance,  indeed,  exists  in  the  application  of 
terms  expressive  of  the  modifications  of  fruit,  that  it  is  quite 
indispensable  to  give  the  definitions  of  some  of  the  most  emi- 
nent writers  upon  the  subject  in  •  their  own  words,  in  order 
that  the  meaning  attached  by  those  authors  to  carpological 
terms,  when  employed  by  themselves,  may  be  clearly  undertood. 

In  the  phraseology  of  writers  antecedent  to  LimuBus^  the  fol- 
lowing are  the  only  terms  of  this  description  employed ;  viz.— 

1.  Bacca,  a  berry :  any  fleshy  fruit. 

2.  ^anu5,abunch  of  fleshy  firuit:  especially  a  bunch  of  grapes. 

3.  Cachri/8j  a  cone :  as  of  the  pine  tree. 

4.  Pilvdoy  a  cone  like  the  Galbulus  of  modem  botanists. 

5.  Fottictdus  (Fuchs),  any  kind  of  capsule. 

6.  GrosmSf  the  fruit  of  the  fig  unripe. 

7.  Siliquaj  the  coating  of  any  fruit. 

In  his  "  Philosophia  Botanica"  Linn^us  gives  the  foUow 
ing  definitions  of  the  terms  he  employs :— « 


CHAP.  II.  CARPOLOOY.  *  *     191 

1.  Capsnlay  hollow,  and  dehiscing  in  a  determinate  manner. 

2.  SiliqucL^  two-val ved,  with  the  seeds  attached  to  both  sutures. 

3.  Legumen^  two-valved,  with  the  seeds  attached  to  one 
suture  only. 

4.  Conceptaculum^  one-valved,  opening  longitudinally  on  one 
side,  and  distinct  from  the  seeds. 

5.  Drupay  fleshy,  without  valves,  containing  a  nut. 

6.  Pornvm^  fleshy  without  valves,  containing  a  capsule. 

7.  Bacca^  fleshy  without  valves,  containing  naked  seeds. 

8.  StrobiluSf  an  amentum  converted  into  a  pericarp. 
GARTNER  has  the  following,  with  definitions  annexed  to 

them : — 

1.  CapstdOf  a  dry,  membranous,  coriaceous,  or  woody  peri- 
carp, sometimes  valveless,  but  more  commonly  dehiscing 
with  valves.     Its  varieties  are, — 

a.  Utriculus,  an  unilocular  one-seeded  capsule,  very  thin 

and  transparent,  and  constantly  valvular ;  as  in  Che- 
nopodium,  Atriplex,  Adonis. 

b.  Samara^  an  indehiscent,  winged,  one  or  two-celled  cap- 

sule ;  as  Ulmus,  Acer,  Liriodendron. 

c.  FoUiculusy  a  double  one-celled,  one-valved,  membranous, 

coriaceous  capsule,  dehiscing  on  the  inside,  and  either 
bearing  the  seed  on  each  margin  of  its  suture,  or  on  a 
receptacle  common  to  both  margins;  as  Asclepias,  Cin- 
chona, and  Vinca. 

2.  Nuxy  a  hard  pericarp,  either  indehiscent  or  never  divid- 
ing into  more  than  two  valves;  as  m  Nelumbiiun,  Boragineae, 
and  Anacardium. 

3.  Coccum^  a  pericarp  of  dry  elastic  pieces  or  cocadesy  as  in 
Diosma,  Dictamnus,  Euphorbia. 

4.  Drupoy  an  indehiscent  pericarp  with  a  variable  rind,  very 
diflerent  in  substance  from  the  putameny  which  is  bony,  as  in 
Lantana,  Cocos,  Sparganium,  Gaura,  &c. 

5.  Baccoy  any  soft  pericarp,  whether  succulent  or  other- 
wise ;  provided  it  does  not  dehisce  into  regular  valves,  nor 
contain  a  single  stone  adhering  to  it.  Of  this  the  following 
are  kinds :  — 

a.  AcinttSy  a  soft,  succulent,  semi-transparent,    unilocular 
berry,  with  one  or  two   hard   seeds;  as  the   grape, 
Rivina,  Rhipsalis,  Rubus,  Grossularia,  &c. 
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b.  Pomunij  a  succulent    or    fleshy,  two-  or  many-  celled 

berry,  the  dissepiments  of  which  are  fleshy  or  bony, 
and  coherent  at  the  axis ;  as  Fyrus,  Crataegus,  Cydo- 
nia,  Sapota,  and  others. 

c.  Pepo,  a  fleshy  berry  with  the  seeds  attached  at  a  dis- 

tance from  the  axis  upon  the  parietes  of  the  pericarp ; 
as  Cucumis,  Stratiotes,  Passiflora,  Vareca,  and  others. 
To  the  term  bacca  all  other  succulent  fruits  are  referred 
which  belong  to  neither  Acinus,  Pomum,  nor  Pepo; 
as  Garcinia,  Caryophyllus,  Cucubalus,  Hedera. 

6.  Legumen^  the  finit  of  Leguminosae. 

7.  Siliqua  and  Silicvla^  the  fruit  of  Cruciferae. 
WiLLDENOW  defines  those  employed  by  him  in  the  following 

manner:  — 

1.  Utnculus^  a  thin  skin  enclosing  a  single  seed.  Adonis, 
Galium,  Amaranthus. 

2.  Samara^  a  pericarp  containing  one,  or  at  most  two  seeds, 
and  surrounded  by  a  thin  membrane,  either  along  its  whole 
circumference  or  at  the  point,  or  even  at  the  side.  Ulmus, 
Acer,  Betula. 

3.  FoUicvlus^  an  oblong  pericarp,  bursting  longitudinally 
on  one  side,  and  filled  with  seeds.     Vinca. 

4.  Capsula,  a  pericarp,  consisting  of  a  thin  coat  containing 
many  seeds,  often  divided  into  cells,  and  assuming  various 
forms.     Silene,  Primula,  Scrophularia,  Euphorbia,  Magnolia. 

5.  Nux^  a  seed  covered  with  a  hard  shell  which  does  not 
burst.     Corylus,  Quercus,  Cannabis. 

6.  Drupa^  a  nut  covered  with  a  thick  succulent  or  carti- 
laginous coat  Prunus,  Cocos,  Tetragonia,  Juglans,  Myris- 
tica,  Sparganium. 

7.  Baccoj  a  succulent  fiiiit  containing  several  seeds,  and  not 
dehiscing.  It  encloses  the  seeds  without  any  determinate 
order,  or  it  is  divided  by  a  thin  membrane  into  cells.  Ribe^ 
Garcinia,  Hedera,  Tilia.     Rubus  has  a  compound  bacca. 

8.  Pomumj  a  fleshy  fiiiit  that  internally  contains  a  capsule 
for  the  seed.  It  diflers  from  the  celled  berry  in  having  a 
perfect  capsule  in  the  heart.     Pyrus. 

9.  PepOf  a  succulent  firuit  which  has  its  seeds  attached  to 
the  inner  sur&ce  of  the  rind.   Cucumis,  Passiflora,  Stratiotes. 

10.  Siliqtuxj  a  dry  elongated  pericarp,  consisting  of  two 
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halves  held  together  by  a  common  permanent  suture.     Cru- 
ciferae.     Silicula  is  a  small  form  of  the  same. 

11.  Legvmen^  a  dry  elongated  pericarp,  consisting  of  two 
halves  or  valves  externally  forming  two  sutures.  Legu- 
minosae. 

12.  Lomentum^  a  legumen  divided  internally  by  spurious 
dissepiments,  not  dehiscing  longitudinally,  but  either  remain- 
ing always  closed,  as  Cassia  Fistula,  or  separating  into  pieces 
at  transverse  contractions  along  its  length,  as  Ornithopus. 

The  following  are  enumerated  as  spurious  fruits. 

13.  Strobilus^  an  Amentum  the  scales  of  which  have  be- 
come woodv.     Pinus. 

14.  Spurious  capsule,     Fagus,  Rumex,  Carex. 

15.  Spurious  nut     Trapa,  Coix,  Mirabilis. 

16.  Spurious  drupe.     Taxus,  Anacardium,  Semecarpus. 

17.  Spurious  bacca.     Juniperus,  Fragaria,  Basella. 

By  this  author  the  names  of  fruits  are,  perhaps,  more  loosely 
and  inaccurately  applied  than  by  any  other. 

Link  objects  to  applying  particular  names  to  variations  in 
anatomical  structure ;  observing,  '^  that  botanists  have  strayed 
far  from  the  right  road  in  distinguishing  these  terms  by  char 
racters  which  are  precise  and  difficult  to  seize.  Terms  are 
only  applied  to  distinct  parts,  as  the  leaf,  peduncle,  calyx,  and 
stamens,  and  not  to  modifications  of  them.  Who  has  ever 
thought  of  giving  a  distinct  name  to  a  labiate  or  papilionaceous 
corolla,  or  who  to  a  pinnated  leaf?"  But  this  sort  of  reason- 
ing is  of  little  value  if  it  is  considered  that  the  fruit  is  subject 
to  infinitely  greater  diversity  of  structure  than  any  other  organ, 
and  that  names  for  these  modifications  have  become  necessary, 
for  the  sake  of  avoiding  a  minute  explanation  of  the  complex 
differences  upon  which  they  depend.  Besides,  to  admit,  as 
Link  actually  does,  such  names  as  capsula,  &c.  is  abandoning 
the  argument;  and  when  the  following  definitions,  which  this 
learned  botanist  has  proposed,  are  considered,  I  think  that 
little  doubt  need  exist  as  to  whether  terms  should  be  employed 
in  the  manner  recommended  by  himself,  or  with  the  minute 
accuracy  of  the  French.  According  to  Professor  Link,  the 
following  are  the  limits  of  Carpological  nomenclature :  — 

I.  Capsula^  any  dry  membranous  or  coriaceous  pericarp. 
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2.  Capsella,  the  same,  if  small  and  one-seede^l. 

3.  Xux,  externally  hard. 

4.  NucuUii  externally  hard,  small,  and  one-seeded. 

5.  Drupa^  externally  soft,  internally  hard. 

6.  PomxmUi  fleshy  or  succulent,  and  large. 

7.  Bacca^  fleshy  or  succulent,  and  small. 

8.  Bacca  sicca,   fleshy  when  unripe,    dry  when  ripe,  and 
then  distinguishable  from  the  capsule  by  not  being  brown. 

j^iegujneFL,  i  ^^  pericarps  of  certain  natural  orders. 

10.  Siliqim,  J         ^         * 

11.  Amphigpermium,  a  pericarpium  which  is  of  the  same 
figure  as  the  seed  it  contains. 

In  more  recent  times  there  have  been  three  principal 
attempts  at  classing  and  naming  the  different  modifications  of 
fruit ;  namely,  those  of  Richard,  Mirbel,  and  Desvaux.  These 
writers  have  all  distinguished  a  considerable  number  of  varia- 
tions, of  which  it  is  important  to  be  aware  for  some  purposes, 
although  their  nomenclature  is  not  much  employed  in  practice. 
But,  in  proportion  as  the  utility  of  a  classification  of  fruit  con- 
sists in  its  theoretical  explanation  of  structure  rather  than  in 
a  strict  applicability  to  practice,  it  becomes  important  that  it 
should  be  founded  upon  characters  which  are  connected  with 
internal  and  physiological  distinctions  rather  than  with  external 
and  arbitrary  forms.  Viewing  the  subject  thus,  it  is  not  to  be 
concealed  that,  notwithstanding  the  undoubted  experience  and 
talent  of  the  writers  just  mentioned,  their  carpological  systems 
are  essentially  defective.  Besides  this,  each  of  the  three  writers 
has  felt  himself  justified  in  contriving  a  nomenclature  at  vari- 
ance with  that  of  his  predecessors,  for  reasons  which  it  is  diflS- 
cult  to  comprehend. 

If  a  complete  carpological  nomenclature  is  to  be  established, 
it  ought  to  be  carried  farther  than  has  yet  been  done,  and  to 
depend  upon  principles  of  a  more  strictly  theoretical  charac- 
ter. I  have  accordingly  ventured  to  propose  a  new  arrange- 
ment, in  which  an  attempt  has  been  made  to  adjust  the  syno- 
nyms of  carpological  writers,  and  in  which  the  names  that 
seem  to  be  most  legitimate  are  retained  in  every  case,  their 
definitions  only  being  altered;  previously  to  which  I  shall 
briefly  explain  the  methods  of  Richard,  Mirbel,  and  Desvaux. 
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The  Arrangement  of  Richard. 

Class  L  Simple  fruits. 
§  I.  Dry. 

*  Indehiscent. 

*  *  Dehiscent. 
§2.  Fleshy. 

Class  2.  Multiplied  fruits. 

Class  3.  Aggregate  or  compound  fruits. 


The  Arrangement  of  Mirbel. 

Class  1.  G)m[inocarpiens.     Fruit  not  disguised  by  the  adher- 
ence of  any  other  organ  than  the  caljnc. 

Ord.  1.  Carcertdaires.  Pericarpium  indehiscent,  but 
sometimes  with  apparent  sutures,  generally  dry,  su- 
perior, or  inferior,  mostly  unilocular  and  monosper* 
mous,  sometimes  plurilocular  and  polyspermous. 

Ord.  2.  CapsukUres.  Pericarpium  dry,  superior,  or 
inferior,  opening  by  valves,  but  never  separating 
into  distinct  pieces  or  cocci. 

Ord.  3.  Dieresiliens,  Pericarpium  superior  or  inferior, 
dry,  r^ular,  and  monocephalous  (that  is,  having 
one  common  style),  composed  of  several  distinct 
pieces  arranged  systematically  round  a  central  real 
or  imaginary  axis,  and  separating  at  maturity. 

Ord.  4.  Etairianaires.  Pericarps  several,  irregular, 
superior,  one  or  many-seeded,  with  a  suture  at 
the  back. 

Ord.  5.  Cenobianaires,  A  regular  fruit  divided  to  the 
base  into  several  acephalous  pericarpia;  that  is  to 
say,  not  marked  on  the  summit  by  the  stigmadc  scar, 
the  style  having  been  inserted  at  their  base. 

Ord.  6.  DrupacSes.  Pericarpium  indehiscent,  fleshy 
externally,  bony  internally. 

Ord.  7.  Bacciens.     Succulent,  many-seeded. 
Class  2.  Angiocarpiens.     Fruit  seated  in  envelopes  not  form- 
ing part  of  the  calyx. 

o  2 
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The  Arrangement  of  Desvaux. 

Class  1.  Pericarpium  dry. 

Ord.  1.  Simple  fruits. 
§  Indehiscent. 
§  §  Dehiscent. 
Ord.  2.  Dry  compound  fruits. 
Class  2.  Pericarpium  fleshy. 
Ord.  1.  Simple  fruits. 
Ord.  2.  Compound  fruits. 

In  explanation  of  the  principles  upon  which  the  classifica- 
tion of  fruit  which  I  now  venture  to  propose  is  founded,  it 
will  of  course  be  expected  that  I  should  offer  some  observ- 
ations. In  the  first  place,  I  have  made  it  depend  primarily 
upon  the  structure  of  the  ovary,  by  which  the  fruit  is  of  neces- 
sity influenced  in  a  greater  degree  than  by  any  thing  else,  the 
fruit  itself  being  only  the  ovary  matured.  In  using  the  terms 
simple  and  compound,  I  have  employed  them  precisely  in  the 
sense  that  has  been  attributed  to  them  in  my  remarks  upon 
the  ovary ;  being  of  opinion  that,  in  an  arrangement  like  the 
following  and  those  which  have  preceded  it,  in  which  theoreti- 
cal rather  than  practical  purposes  are  to  be  served,  the  princi- 
ples on  which  it  depends  should  be  conformable  to  the  strictest 
theoretical  rules  of  structure.  A  consideration  of  the  fruit 
without  reference  to  the  ovary  necessarily  induces  a  degree  of 
uncertainty  as  to  the  real  nature  of  the  fruit ;  the  abortion  and 
obliteration,  to  which  almost  every  part  of  it  is  more  or  less 
subject,  ofien  disguising  it  to  such  a  degree  that  the  most 
acute  carpologist  would  be  imable  to  determine  its  true  struc- 
ture from  an  examination  of  it  in  a  ripe  state  only.  In  simple 
fruits  are  stationed  those  forms  in  which  the  ovaries  are  multi- 
plied so  as  to  resemble  a  compound  fruit  in  every  respect 
except  their  cohesion,  they  remaining  simple.  But,  as  the 
passage  which  is  thus  formed  from  simple  to  compound  fruits 
is  deviated  from  materially  when  the  ovaries  are  placed  in 
more  than  a  single  series,  I  have  found  it  advisable  to  consti- 
tute a  particulu*  class  of  such  under  the  name  of  aggregate 
fruit.     Care  must  be  taken  not  to  confound  these  with  the 
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fourth  class  containing  collective  fruits,  as  has  been  clone  by 
more  carpologists  than  one.  While  the  true  aggregate  fruit 
is  produced  by  the  ovaries  of  a  single  flower,  a  collective 
fruit,  if  aggregate,  is  produced  by  the  ovaries  of  many  flowers ; 
a  most  important  difierence.  As  the  pericarp  is  necessarily 
much  afiected  by  the  calyx  when  the  two  adhere  so  as  to  form 
a  single  body,  it  is  indispensable,  if  a  clear  idea  is  to  be 
attached  to  the  genera  of  carpology,  that  inferior  or  superior 
fruits  should  not  be  confounded  under  the  same  name :  for 
this  reason  I  have  in  all  cases  founded  a  distinction  upon  that 
character. 

In  order  to  facilitate  the  knowledge  of  the  limits  of  the 
genera  of  carpology,  the  following  analytical  table  will  be 
found  convenient  for  reference.  It  is  succeeded  by  the  cha- 
racters of  the  genera  in  as  much  detail  as  is  necessary  for  the 
perfect  understanding  of  their  application. 


ClauL  Fruit  simple.     APOCARPI. 

One  or  two-seeded. 

Membranous,     .... 

.     Utkxculus. 

Dry  and  bony            ... 

-       ACHEVIUM. 

Fleshy  eitenudly,  bony  internally. 

-     DauPA. 

Many-seeded. 

Dehiscent. 

One-valyed,          ... 

-       FOLLICULUS. 

Two-valyed. 

.       LXOUMEN. 

Indehiscent,        .... 

-      LOMXNTUM. 

ClauIL  Fruit  aggregate.     AGGREGATI. 

Ovaria  elevated  above  the  calyx. 

Pericarpia  distinct,        ... 

-       ETiBaiO. 

Fericarpia  cohering  into  a  solid  mass, 

-     STMCAariUM. 

Oraria  enclosed  within  the  fleshy  tube  of  the  calyx. 

-       CTKAaaHODUM. 

ClauIIL  Fruit  compound.     SYNCARPI. 

Sect.  1.     Superior. 

A.     Pericarpium  dry  externally. 

Indehiscent. 

One-celled.         ... 

-     Cartopsis. 

Many.celled. 

Dry  internally. 

Apterous 

CAaciauLUK. 

Winged, 

.     Sama&a. 

Pulpy  internally, 

-     ANrmsAacA. 

Dehiscent 

By  a  transverse  suture. 

-     Ptximum. 

By  elastic  cocci. 

.     Regma. 
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By  a  longitudinal  suture,  -  -     CoNCinrACVLUM. 

By  valves. 

Placentce  opposite   the   lobes  of  the 
stigma. 

Linear,  ...     Siuqua. 

Roundish,  ...     Siucula. 

I'lacentae  alternate  with  the  lobes  of 
the  stigma. 

Valves  separating  from  the  replum,    Ccratium. 
Replum  none,  -  -     Cakula. 

B.   Pericarpium  fleshy. 
Indehiscent. 

Sarcocarpium  separable,  -  -     Hssferidi  uu. 

Sarcocarpium  inseparable,  -  -     Nuculanium. 

Dehiscent,      .....     Tryma. 
Sect  2.     Inferior. 
A.  Pericarpium  dry. 

Indehiscent. 

Cells  two  or  more,  .  ^  .     CaKMOCAanuM. 

Cell  one. 

Surrounded  by  a  cupulate  involucrum,    Glans. 


Destitute  of  a  cupula. 
Dehiscent  or  rupturing, 
B.     Pepicarpium  fleshy. 
Epicarpium  hard. 
Seeds  parietal. 
Seeds  not  parietal, 
Epicarpium  soft. 

Cells  obliterated  :  or  unilocular, 
Cells  distinct. 

Class  I y.  Collective  fruits.     ANTHOCARPI. 
Single. 

Perianthum  indurated,  dry. 
Perianth  um  fleshy. 
Aggregate. 

Hollow,  ... 

Convex. 

An  indurated  amentum, 
A  succulent  spike, 


-     Cypskla. 

•       DlPLOTEOIA. 


-  P«PO. 

-  Balaubta. 

-  Bacca. 

'  POMUM. 


DiCLSSlUM. 
SpHALCaoCAK- 
MUM. 

Sycomub. 

Strobilus. 
SoBoais. 


OatsL   Fruit  simple.     APOCARPI. 

Ovaria  Mtricti^  simjtie ;   a  single  series  onljf  produced  by  a  single  JUtwer. 

I.  Utriculus,  Gtfrfnrr.  —  (Cystidium,  Xifut.) 

One..celled,  one  or  few-seeded,  superior,  membranous,  frequently  dehiscent 
by  a  transverse  incision.  This  differs  from  tlie  pyxis  in  texture,  being  strictly 
simple,  t.  e.  not  proceeding  from  an  ovarium  with  obliterated  dissepiments. 

Example*  —  Amaranthus,  Chenopodium. 

II.  AcHiMiuM  ;  (Akenium,  of  ifiany ;  Spennidium;  Xylodium,  Z7#jv. ;  The- 

cidium,  Mirh, ;  Nux,  Linn.) 
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One-fteeded.  one-celled,  superior,  iiidcliisi-ent,  liard,  dry,  with  the  integu> 
inents  of  the  seed  distinct  from  it. 

Linnaeus  includes  this  among  his  seeds,  defining  it  '*  semen  tectum  epider- 
mide  ossea.**  I  have  somewhere  seen  it  named  Spermidium;  a  good  term  if 
it  were  wanted.     M.  Dcsvaux  calls  the  nut  of  Anacardium  a  Xylodium^' 

£xam2>les»  -—  Lithospermum,  Borago. 

III.  Drupa. — Drupe, — ^.164. 

One-celled,  one  or  two-seeded,  superior,  indchiscent,  the  outer  coat  (nati- 
cum)  soft  and  fleshy,  and  separable  from  the  inner  or  endocarpium  (the  stone), 
which  is  hard  and  bony;  proceeding  from  an  ovarium  which  is  perfectly 
simple.  This  is  the  strict  definition  of  the  term  drupa,  which  cannot  strictly 
be  applied  to  any  compound  fruit,  as  that  of  Cocos,  certain  Verbenaccs,  and 
others,  as  it  often  is.  Fruits  of  the  last  description  are  generally  carccrules 
with  a  drupaceous  cout.  The  stone  of  this  fruit  is  the  Nux  of  Richard,  but  not 
of  others. 

Examples.  —  Peach,  Plum,  Apricot. 

IV.  FoLLicuLus.  —  Follicle  (Hemigyrus,   Desvaux  i    Plopocarpium,  Deso.), 

One-celled,  one  or  many-seeded,  one-valved,  superior,  dehiscent  by  a 
suture  along  its  face,  and  bearing  its  seeds  at  the  base,  or  on  each  mar^^n  of 
the  suture.  This  differs  from  the  legumen  in  nothing  but  its  having  one 
valve  instead  of  two.  The  Hemigyrus  of  Desvaux  is  the  fruit  of  Proteacese, 
and  differs  from  the  follicle  in  nothing  of  importance.  When  several  follicles 
are  in  a  single  flower,  as  in  Nigella  and  Delphinium,  they  constitute  a  form  of 
fruit  called  Plopocarpium  by  Desvaux,  and  admitted  into  his  Etaerio  by 
Mirbel. 

Examples,  —  Psonia,  Banksia,  )4igella. 

V.  Lkgumen.  —  Pod  (Legumen,  Linn.  ;  Gousse,  Fr,\fig,  137,  138. 
One-celled,  one  or  many-seeded,  two-valved,  superior,  dehiscent  by  a  suture 

along  both  its  face  and  its  back,  and  bearing  its  seeds  on  each  margin  of  the 
ventral  suture.  This  differs  from  the  follicle  in  nothing  except  its  dehiscing  by 
two  valves.  In  Astragalus  two  spurious  cells  are  formed  by  the  projection  ' 
inwards  of  either  the  dorsal  or  ventral  suture,  which  forms  a  sort  of  dissepiment ; 
and  in  Cassia  a  great  number  of  transverse  diaphragms  (pbragmata)  are  formed 
by  projections  of  the  placenta.  Sometimes  the  legumen  is  indeliiacent,  as  in 
Catbartocarpus,  Cassia  fistula,  and  others  ;  but  the  line  of  dehiscence  is  in  such 
species  indicated  by  the  presence  of  sutures.  When  the  two  sutures  of  the 
legumen  separate  from  the  valves,  they  form  a  kind  of  frame  called  replum,  as 
in  Carmichaelia. 

Examples.  —  Bean,  Pea,  Clover. 

VI.  LoMXNTUM.  —  (Legumen  lomentaceum.  Rich.) 

Differs  from  the  legumen  in  being  contracted  in  the  spaces  between  such 
seed,  and  there  separating  into  distinct  pieces,  or  indehiscent,  but  divided  by 
internal  spurious  dissepiments,  whence  it  appears  at  maturity  to  consist  of  many 
articulations  and  divisions. 

Example.  —  Ornithopus. 

Class  II.     Fruit  aggregate.     AGGREGATL 

Ovaria  strictly  simifle ;  more  than  a  single  series  produced  by  each  flower, 
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VII.  ETiBKio,  Mirb. — (**  Polychorion,  A/ir6. ;"  Polysccus,  Desvaux ;  AmaJthea, 

Detv* ;  Erythrostomum,  2>f<vaKx)./^.  162. 

Ovaries  distinct ;  pericarpia  indehisccnt,  either  dry  upon  a  dry  receptacle,  as 
Ranunculus,  dry  upon  a  fleshy  receptacle,  as  strawberry,  or  fleshy  upon  a 
dry  receptacle,  as  Rubus.  The  last  is  very  near  the  syncarpium,  from  which 
it  differs  in  tlie  ovaria  not  coalescing  into  a  single  mass.  It  is  Desvaux's 
Erythrostomum.  This  term  is  applied  less  strictly  by  M.  Mirbel,  who  admits 
into  it  dehiscent  pericarpia,  not  placed  upon  an  elevated  receptacle,  as  Delphi- 
nium  and  Pseonia ;  but  the  fruit  of  these  plants  is  better  understood  to  be  a 
union  of  several  follicules  within  a  single  flower.  If  there  is  no  elevated 
receptacle,  we  have  Desvaux*s  Amalthea,  The  parts  of  an  Etaerio  are 
Achenia. 

Examples'     Ranunculus,  Fragaria,  Rubus. 

VIII.  STNCARriuu.  —  (Syncarpium,  Rich, ;  Asimiua,  Desv*) 
Ovaries  cohering  into  a  solid  mass,  with  a  slender  receptacle. 
Examples'     Annona,  Magnolia. 

IX.  CTyARRHODUM.  — ( Cyuarrhodum,  Qfflcin.  Desvaux.) 

Ovaries  distinct;  pericarpia  hard,  indehiscent,  enclosed  within  the  fleshy 
tube  of  a  calyx. 

Examples'     Rosa,  Calycanthus. 

Class  III'     Fruit  compound.      SYNC  A  RPI. 
Ovaria  compound. 

SecL  ] .     Fruit  superior. 
A.     Pericarpium  dry. 

X.  Cartopsis.  —  (Cariopsis,  Rich' ;  Cerio,  Mirb.) 

One  celled,  one>seeded,  superior,  indehiscent,  dry,  with  the  integuments  of 
the  seed  cohering  inseparably  with  the  endocarpium,  so  that  the  two  are  undis- 
tinguishable ;  in  the  ovarium  state  evincing  its  compound  nature  by  the  pre- 
sence  of  two  or  more  stigmata ;  but  nevertheless  unilocular,  and  having  but 
one  ovulum. 

Examples'     Wheat,  Barley,  Maize. 

XI.  —  RxGMA,  Mirb,  ;  — (Elaterium,  Ric/t'  ;  Capsula  tricocca,  X.) 

Three  or  more  celled,  few-seeded,  superior,  dry,  the  cells  bursting  from  the 
axis  with  elasticity  into  two  valves.  The  outer  coat  is  frequently  softer  than 
the  endocarpium  or  inner  coat,  and  separates  from  it  when  ripe ;  such  regmata 
are  drupaceous.     The  cells  of  this  kind  of  fruit  are  called  cocci' 

Example'     Euphorbia. 

XII.  Caecxrulus,  Mirb, ;  —  (Dieresilis,  Mirb, ;  Caenobio,  Mirb. ;  Synochorion, 

Mirb't    Sterigmum,   Desvavx ;    Microbasis,  Deeoaux;    Polexostylus, 
Mirb'i  SarcchsMs,  Dec,  Desv»  i  Baccaularius,  2>eir.) 
Many-celled,  superior :  cells  dry,  indehiscent,  few-seeded,  cohering  by  a 
common  style  round  a  common  axis.     From  this  the  Dieresilis  of  Mirbel  does 
not  differ  in  any  essential  degree.     The  same  writer  calls  the  fruit  of  Labiatw 
(Jig'  162.),  which  Linnaeus  and  his  followers  mistake  for  naked  seeds,  Caeno- 
bio :  it  differs  from  the  Carcerulus  in  nothing  but  the  low  insertion  of  the  style 
into  the  ovaria,  and  the  distinctness  of  the  latter. 
Examples'     Tilia,  Tropaeolum,  Malva. 


CHAP.  II.  CAllPOLOGY.  201 

X I II.  Samara,  Garin* ;  — Key,  ( Pteridiuin,  Mirb, ;  Pterodium,  Detv,)tjig,  MS. 
Two  or  more  ceiled,  superior ;  cells  few-seeded,  iodehiscent,  dry  ;  elongated 

into  wing-like  expansions.    This  is  nothing  but  a  modification  of  the  Carcerule. 
EicunpUs,     Fraxinus,  Acer,  Ulmus. 

XIV.  Pyxidium  (Pyxidium,  Ehr,,  Rich.,  Mirb,^  Capsula  circumscissa,  X.), 

fig,  153. 

One-celled,  many-seeded  ;  superior,  or  nearly  so ;  dry,  often  of  a  thin  tex- 
ture ;  dehiscent  by  a  transverse  incision,  so  that  when  ripe  the  seed  and  their 
placenta  appear  as  if  seated  in  a  cup,  covered  with  a  lid.  This  fruit  is  one- 
celled  by  the  obliteration  of  the  dissepiments  of  several  carpella,  as  is  apparent 
from  the  bundles  of  vessels  which  pass  from  the  style  through  the  pericarpium 
down  into  the  receptacle. 

Example,     Anagaliis. 

XV.  CoMcsPTACULUM,    (Couceptaculum,    Linn,  j    Double    Follicule,    Mirb,), 

fig.  139,  140. 

Two-celled,  many-seeded,  superior,  separating  into  two  portions,  the  seeds 
of  which  do  not  adhere  to  marginal  placentae,  as  in  the  folliculus,  to  which  this 
closely  approaches,  but  separate  from  their  placentae,  and  lie  loose  in  the  cavity 
of  each  cell. 

Examples.     Asclepias,  £chites. 

XVI.  SiUQUA,  Linn, fig,  155,  156,  157. 

One  or  two-celled,  many-seeded,  superior,  linear,  dehiscent  by  two  valves 
separating  fiom  the  replum ;  seeds  attached  to  two  placentas  adhering  to  the 
replum>  and  opposite  to  the  lobes  of  the  stigma.  The  dissepiment  of  this  fruit 
is  considered  a  spurious  one  formed  by  the  projecting  placentas,  which  some- 
times do  not  meet  io  the  middle ;  in  which  case  the  dissepiment  or  phragma 
has  a  slit  in  its  centre,  and  is  said  to  he  fenestrate, 

XVII. —  SiLicuLA,  Linn, 

This  differs  from  the  latter  in  nothing  but  its  figure,  and  in  containing  fewer 
seeds.    It  is  never  more  than  four  times  as  long  as  broad,  and  often  much  shorter. 
Examples.     Thlaspi,  Lepidium,  Lunaria. 

XVIII.  CxRATiuM.  —  (Capsula  siliquiformis,  Dec. ;  Couceptaculum,  Ihtv.) 
One-celled,  many-seeded,  superior,  linear,  dehiscent  by  two  valves  separat- 
ing from  the  replum ;  seeds  attached  to  two  spongy  placentae  adhering  to  the 
replum,  and  aUemate  with  the  lobes  of  the  stigma.  Differs  from  the  siliqua  in 
the  lobes  of  the  stigma  being  alternate  with  tlie  placentae,  not  opposite.  This, 
therefore,  is  regular,  while  that  is  irregular  in  structure. 

Examples,     Glaucium,  Corydalis,  Hypecoum. 

XIX.  CAnvLA,  Capsule,  fig.  146,  147.  151,  152.  135,  136. 

One  or  many-celled,  many-seeded,  superior,  dry,  dehiscent  by  valves,  always 
proceeding  from  a  compound  ovarium.  The  valves  are  variable  in  their 
nature  :  usually  they  are  at  the  top  of  the  fruit,  and  equal  in  number  to  the 
cells ;  sometimes  they  are  twice  the  number  ;  occasionally  they  resemble  little 
pores  or  holes  below  the  summit,  as  in  tlie  Antirhinum. 

Examples,     Digitalis,  Primula,  Rhododendron. 

XX.  Ampuisarca.  —  (Amphisarca,  Desv.) 
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Many-celled,  many-seeded,  superior,  Indehiscent ;  indurated  or  woody  exter- 
nally, pulpy  internally. 

Examples,     Ompbalocarpus,  Adanaonia,  Crcscentia. 
B.   Pericarpium  fleshy. 

XXI.  Trtma.  —  (Tiyma,  Watson.) 

Superior,  by  abortion  one-celled,  one-seeded,  with  a  two-valved  indehiscent 
endocarpium,  and  a  coriaceous  or  fleshy  valveless  sarcocarpium. 
ExamjiU.     Juglans. 

XXII.  NucuLAMiuM. —  (Nuculanium, /2icA;  Bacca,  2>e«t>aux.) 

Two  or  more  celled,  few  or  many-seeded,  superior,  indehiscent,  fleshy,  of 
the  same  texture  throughout,  containing  several  seeds,  improperly  called 
nucules  by  the  younger  Richard.  This  differs  scarcely  at  all  from  the  berry, 
except  in  being  superior. 

Examples.     Grape,  Achras, 

XXIII.  Hespsridium. —  (Hesperidium,   Desv.  Rich.) 

Many-celled,  few-seeded,  superior,  indehiscent,  covered  by  a  spongy  separ- 
able rind ;  tlie  cells  easily  separable  from  each  other,  and  containing  a  mass  of 
pulp,  in  which  the  seeds  are  imbedded.  The  pulp  is  formed  by  the  cellular 
tissue,  which  forms  the  lining  of  the  cavity  of  the  cells  :  this  cellular  tissue  is 
excessively  enlarged  and  succulent,  is  filled  with  fluid,  and  easily  coheres  into 
a  single  mass.  The  external  rind  is  by  M.  De  Candolle  supposed  to  be  an 
elevated  discus  of  a  peculiar  kind,  analogous  to  that  within  which  the  fruit  of 
Nelumbium  is  seated ;  and  perhaps  its  separate  texture  and  slight  connexion 
with  the  cells  of  the  fruit  seem  to  favour  this  supposition.  But  it  is  difficult 
to  reconcile  with  such  an  hypothesis  the  continuity  of  the  rind  with  the  style 
and  stigma,  which  is  a  sure  indication  of  the  identity  of  their  origin  ;  and  it  is 
certain  that  the  shell  of  the  ovarium  and  tlie  pericarpium  are  the  same.  The 
most  correct  explanation  of  tliis  structure  is  to  consider  the  rind  a  union  of  the 
epicarp  and  sarcocarp,  analogous  to  that  of  the  drupa. 

Example.     Orange. 

Sect  2.  Fruit  inferior. 

A.  Pericarpium  dry. 

XXIV.  Glans    (Glans,    Linn.,  Desv.  i    Calybio,  Mirb.  i    Nucula,   Desnoux), 

fig.  165. 

One-celled,  one  or  few-seeded,  inferior,  indehiscent,  hard,  dry ;  proceeding 
from  an  ovarium  containing  several  cells  and  several  seeds,  all  of  which  are 
abortive  but  one  or  two;  seated  in  that  kind  of  persistent  involucre  called 
a  cupule.  The  pericarpium  is  always  crowned  with  the  remains  of  the  teeth 
of  the  calyx ;  but  they  are  exceedingly  minute,  and  are  easily  overlooked. 
Sometimes  the  gland  is  solitary,  and  quite  naked  above,  as  in  the  common  oak ; 
sometimes  there  is  more  than  one  completely  enclosed  in  the  cupule,  as  the 
beech  and  sweet  chestnut. 

Examines.     Quercus,  Corylus,  Castanea. 

XXV.  Ctpsela  (Akena,  Necker i    Akenium,  Rich.;    Cypsela,  Mirh, ;    Ste- 

phanoum,  Desv.),  fig.  148,  149. 
One-seeded,  one-celled,  indehiscent,  with  the  integuments  of  the  seed  not 
cohering  with  the  endocarpium ;  in  the  ovarium  state  evincing  its  compound 
nature  by  the  presence  of  two  or  more  stigmata ;  but  neverthclesi  unilocular 
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and  having  but  one  ovulum.  Such  is  the  true  structure  of  the  Achenium  • 
but  as  that  term  is  often  applied  to  the  simple  superior  fruits,  called  Nux  by 
Linncus,  I  have  thought  it  better,  in  order  to  avoid  confusion,  to  adopt  the 
uune  Cypsela. 

Examjjlet*     All  Compositse. 

XXVI.  CaEMOCARpiUM    (Cremocarpium,    Mirb,  ;    Polakenium,   or    Pentake* 

nium,  Bich. ;  Carpadelium,  Desv^),fig,  154,  155.  159,  160. 

Two  to  five-celled,  inferior;  cells  one-seeded,  iiidehiscent,  dry,  perfectly 
close  at  aU  times;  when  ripe  separating  from  a  common  axis.  M.  Mirbtl 
confines  the  application  of  Cremocarpium  to  Uml)elliferae ;  but  it  is  better  to 
let  it  apply  to  all  fruits  which  will  come  within  the  above  definition.  It  will 
then  be  the  same  as  Richard's  Polakenium,  excluding  those  forms  in  which  the 
fruit  is  superior.  The  latter  botanist  qualifies  his  term  Polakenium  according 
to  the  number  of  cells  of  the  fruit :  thus  when  there  are  two  cells  it  is  diakeniumt 
three  iriakeniumf  and  so  on.  M.  De  CahdoUe  calls  the  half  of  the  fruit  of 
Umbelliferc  mericarp, 

Exampiet.     Umbelliferae,  Aralia,  Galium. 

XXVII.  DiFLOTXOiA  (Diplotegia,  Desv,),Jig,  145. 

One  or  many-celled,  many-seeded,  inferior,  dry,  usually  bursting  either  by 
pores  or  valves.  This  differs  from  the  Capsule  only  in  being  adherent  to  the 
calyx. 

ExamjiUu     Campanula,  Leptospermum. 

B.  Pericarpium  fleshy. 

XXVIII.  PoMUM,  Apple  Of  Pome- — (Melonidium,  Rich,;  Pyridium,  Mirb.  i 

Pyrenarium,  Desvaux  ;  Antrum,  Mcmdi.)fig,  166. 

Two  or  more  celled,  few-seeded,  inferior,  indehiscent,  fleshy  ;  the  seeds  dis- 
tinctly endoaed  in  dry  cells,  with  a  bony  or  cartilaginous  lining,  formed  by  the 
cohesion  of  several  ovaria  with  the  sides  of  the  fleshy  tube  of  a  calyx,  and  some- 
times with  each  other.  These  ovaria  are  called  parietal  by  M.  Richard.  Some 
forms  of  Nuculanium  and  this  differ  only  in  the  former  being  distinct  from  the 
calyx. 

Examplet*     Apple,  Cotoneaster,  Crataegus. 

XXIX.  Pxro.  —  (Peponida,  Rich.) 

One-celled,  many-seeded,  inferior,  indehiscent,  fleshy ;  the  seeds  attached  to 
parietal  pulpy  placentae.  This  fruit  has  its  cavity  frequently  filled  at  maturity 
with  pulp,  in  which  the  seeds  are  imbedded  ;  their  point  of  attachment  is,  how- 
ever, never  lost.  The  cavity  is  also  occasionally  divided  by  projections  of  the 
placenta  into  spurious  cells,  which  has  given  rise  to  the  belief  that  in  Pepo  Ma- 
crocarpus  there  is  a  central  cell,  which  is  not  only  untrue  but  impossible. 

Examptes*     Cucumber,  Melon,  Gourd. 

XXX.  Bacca,  Berry  (Bacca,  X. ;   Acrosarcum,  De$vaux),fig,  161. 
Many-celled,  many-seeded,  inferior,  indehiscent,  pulpy ;  the  attachment  of 

the  seeds  lost  at  maturity,  when  they  become  scattered  in  the  substance  of  the 
pulp.     This  is  the  true  meaning  of  the  term  berry ;  which  is,  however,  often 
otherwise  applied,  either  from  mistaking  nucules  for  seeds,  or  from  a  mis- 
apprehension of  the  strict  limits  of  the  term. 
Example.     Ribes. 
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XXXI.  Balausta. — (Bttlausu,  0#dn.  JticA.) 

Many-celled,  maDy-seeded,  inferior,  indehiscent;  the  seeds  with  a  pulpy 
coat,  and  attached  distinctly  to  their  placentae.  The  rind  was  called  Malicorium 
by  Ruellius. 

Example.     Pomegranate. 

Clou  IV,     Collective  Fruits.     AifTHocAari. 

Fruit  of  which  the  principal  characteri  are  derived  from  the  thickened  floral 
envehpeg, 

XXXII.  DiCLKsiuM.  —  (Dyclesium,  Desvaux ;  Sderanthum,  Matnch  ;  Catacle- 

sium,  Detoatix i  Sacellus,  Mirh.) 
Pericarpium  indebiscent,  one-seeded,  enclosed  within  an  indurated  perian- 
thium. 

Examples*     Mirabilis,  Spinacia,  Salsola. 

XXXIII.  Sphalsrocarpum.  —  (Sphalerocarpum,    Detv.  i     Nuz    baccato  of 
authors*) 

Pericarpium  indebiscent,  one  seeded,  enclosed  within  a  fleshy  pcrianthium.  ' 
Examples.     Hippophae,  Taxus,  Blitum,  Baaella. 

XXXIV.  SrcoNus.  ^  (Syconus,  Mirh.) 

A  fleshy  racbis,  having  the  form  of  a  flattened  disk,  or  of  a  hollow  receptacle, 
with  distinct  flowers  and  dry  pericarpia. 
Examples.     Ficus,  Dorstenia,  Ambora. 

XXXV.  Strobilus,    Cone    (Conus,   or    Strobilus,    Rich.,    Mirb. ;    Galbulus 

Gartn.;    Arcesthide,   Desvaux  j    Cachrys,  Fuchss    Pilula,   Pliny), 
fig.  166. 
An  amentum,  the  carpella  of  which  are  scale-like^  spread  open,  and  bear 
naked  seeds ;  sometimes  the  scales  are  thin,  with  little  cohesion ;  but  tbey  often 
are  woody,  and  cohere  into  a  single  tuberculated  mass. 

The  Galbulus  differs  from  the  Strobilus  only  in  being  round,  and  having 
the  heads  of  the  carpella  much  enlarged.     The  fruit  of  the  Juniper  is  a  Gal- 
bulus, with  fleshy  coalescent  carpella.     Desvaux  calls  it  Arcesthide. 
Examjile.     Pinus. 

XXXVI.  SoRosis.  —  (Sorosis,  Mirb.) 

A  spike  or  raceme  converted  into  a  fleshy  fruit  by  the  cohesion  in  a  single 
mass  of  tlie  ovaria  and  floral  envelopes. 

Examples.     Ananassa,  Morus,  Artocarpus. 


14.  Of  the  Seed. 
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As  the  iruit  is  the  ovary  arrived  at  inaturi^,  and  is  there- 
fore subject  to  the  same  laws  of  structure  as  the  latter;  so  is 
the  seed  the  ovule  in  its  most  perfect  and  Anally  organised 
state,  and  constructed  upon  exacdy  the  same  plan  as  the 
ovule.  But  as  the  fruit,  nevertlieless,  often  differs  from  the 
ovary  in  the  suppression,  or  addition,  or  modification  of  certain 
portions,  so  is  the  seed  occaBionally  altered  from  the  precise 
structure  of  the  ovule,  in  consequence  of  changes  of  like 
nature. 

The  seed  is  a  body  enclosed  in  a  pericarp,  is  clothed  with 
its  own  integuments,  and  contains  the  rudiment  of  a  future 
jdant.  It  is  the  point  of  development  at  which  vegetation 
stops,  and  beyond  which  no  increase,  in  the  same  direction 
widi  itself,  can  take  place.  In  a  young  state  it  has  already 
been  spoken  of  under  the  name  of  ovule ;  to  which  I  also 
refer  for  all  that  relates  to  the  insertion  of  seeds. 

That  side  of  a  seed  which  is  most  nearly  parallel  with  the 
axis  of  a  compound  fruit,  or  the  ventral  suture  or  sutural 
line  of  a  simple  fruit,  is  called  thefice,  and  the  opposite  side 
the  back.  In  a  compound  fruit  with  parietal  placentae,  the 
placenta  is  to  be  considered  as  the  axis  with  respect  to  the 
seed ;  and  that  part  of  the  seed  which  is  most  nearly  parallel 
with  the  placenta,  as  the  face.  Wliere  the  raphe  is  visible, 
the  face  is  indicated  by  that. 
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When  a  seed  is  flattened  lengthwise  it  is  said  to  be  com- 
pressed^ when  vertically  it  is  depressed;  a  difference  which  it 
is  of  importance  to  bear  in  mind,  although  it  is  not  always 
easy  to  ascertain  it:  for  this  purpose  it  is  indispensable  that 
the  true  base  and  apex  of  the  seed  should  be  clearly  under- 
stood. The  base  of  a  seed  is  always  that  point  by  which  it  is 
attached  to  the  placenta,  and  which  receives  the  name  of 
hilum :  the  base  being  found,  it  would  seem  easy  to  deter- 
mine the  apex,  as  a  line  raised  perpendicularly  upon  the 
hilum,  cutting  the  axis  of  the  seed,  ought  to  indicate  the  apex 
at  the  point  where  the  line  passes  through  the  seed  coat ;  but 
the  apex  so  indicated  would  be  the  geometrical,  not  the  natural 
apex:  for  discovering  which  with  precision  in  seeds,  the 
natural  and  geometrical  apex  of  which  do  not  correspond, 
another  plan  must  be  followed.  If  the  skin  of  a  seed  be 
carefully  examined,  it  will  usually  be  found  that  it  is  com- 
posed in  great  part  of  lines  representing  rows  of  cellular 
tissue,  radiating  from  some  one  point  towards  the  base,  or, 
in  other  words,  of  lines  running  upwards  from  the  hilum  and 
meeting  in  some  common  point.  This  point  of  union  or 
radiation  is  the  true  apex,  which  is  not  only  often  far  removed 
from  the  geometrical  apex,  but  is  sometimes  even  in  juxta- 
position with  the  hilum,  as  in  mignionette:  in  proportion, 
therefore,  to  the  obliquity  of  the  apex  of  the  seed  will  be  the 
curve  of  its  axis,  which  is  represented  by  a  line  passing 
through  the  whole  mass  of  the  seed  from  the  base  to  the  apex, 
accurately  following  its  curve.  If  the  lines  above  referred  to 
are  not  easily  distinguished,  another  indication  of  the  apex 
resides  in  a  little  brown  spot  or  areola,  hereafter  to  be  men- 
tioned under  the  name  of  chalaza.  Where  there  is  no  in- 
dication either  externally  or  internally  of  the  apex,  it  may 
then  be  determined  geometrically. 

The  integuments  of  a  seed  are  called  the  testa;  the  rudi- 
ment of  a  future  plant,  the  embryo  (Plate  VI.  fig.  1.  A,  &c.) ; 
and  a  substance  interposed  between  the  embryo  and  the 
testa,  the  albumen  (fig.  1.  a,  5.  a,  &c.). 

The  testa,  called  also  hrica  by  Mirbel,  perisperme  and 
episperme  by  Richard,  and  spermodermis  by  De  CandoUe, 
according  to  some  consists,  like  the  pericarp,  of  three  portions ; 
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viz.  1.  the  external  integument,  tunica  externa  of  Willde- 
now,  testa  of  De  Candolle;  2.  the  internal  integument, 
tunica  interna  of  Willdenow,  endopleura  of  De  Candolle, 
hilofere  and  tegmen  of  Mirbel ;  and,  3,  of  an  intervening 
substance  answering  to  the  sarcocarp,  and  called  sarcodermis 
by  De  Candolle :  this  last  is  chiefly  present  in  seeds  with  a 
succulent  testa,  and  by  many  is  considered  a  portion  of  the 
outer  integument,  which  is  tlie  most  accurate  mode  of  under- 
standing it. 

The  outer  integument  is  either  membranous,  coriaceous, 
crustaceous,  bony,  spongj',  fleshy,  or  woody;  its  surface  is 
either  smooth,  polished,  rough,  or  winged,  and  sometimes  is 
furnished  with  hairs,  as  in  the  cotton  and  other  plants,  which, 
when  long,  and  collected  about  either  extremity,  form  what  is 
called  the  coma  (sometimes  also,  but  improperly,  the  pappus). 
It  consists  of  cellular  tissue  disposed  in  rows,  with  or  without 
bundles  of  vessels  intermixed:  in  colour  it  is  usually  of  a 
brown  or  similar  hue:  it  is  readily  separated  from  the  inner 
integument. 

In  Maurandya  Barclayana  it  is  formed  of  reticulated  cel- 
lular tissue;  in  Collomia  linearis  and  others  it  is  caused  by 
elastic  spirally  twisted  fibres  enveloped  in  mucus,  and  spring- 
ing outwards  when  the  mucus  is  dissolved ;  in  Casuarina  it 
(or  the  inner  integument)  contains  a  great  quantity  of  spirally 
fibrous  cellules.  In  the  genus  Crinum  it  is  of  a  very  fleshy, 
succulent  character,  and  has  been  mistaken  for  albumen, 
from  which  it  is  readily  known  by  its  vascularity.  According 
to  Brown,  a  peculiarly  anomalous  kind  of  partition,  which  is 
found  lying  loose  within  the  fi'uit  of  Banksia  and  Dryandra, 
without  any  adhesion  either  to  the  pericarp  or  the  seed,  is  a 
state  of  the  outer  integument.  It  is  said  that  in  those  genera 
the  inner  membrane  (secondine)  of  the  ovide  is,  before  fertili- 
sation, entirely  exposed,  the  primine  being  reduced  to  half, 
and  open  its  whole  length;  and  that  the  outer  membranes 
(primines)  of  the  two  collateral  ovules,  although  originally 
distinct,  finally  contract  an  adhesion  by  their  corresponding 
surfaces,  and  together  constitute  the  anomalous  dissepiment 
But  it  may  be  reasonably  doubted  whether  the  integument 
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here  called  secundine  is  not  primine,  and  the  supposed  pri- 
mine  arillus. 

The  inner  mehibrane  (secundine)  of  the  ovule,  however, 
in  general  appears  to  be  of  greater  importance  as  connected 
wiUi  fecundation,  than  as  affording  protection  to  the  nucleus 
at  a  more  advanced  period.  For,  in  many  cases  before  im- 
pregnation, its  perforated  apex  projects  beyond  the  aperture 
of  the  testa,  and  in  some  plants  puts  on  the  appearance  of  an 
obtuse,  or  even  dilated  stigma;  while  in  the  ripe  seed  it  is 
often  either  entirely  obliterated,  or  exists  only  as  a  thin  film, 
which  might  readily  be  mistaken  for  the  epidermis  of  a  third 
membrane,  then  frequently  observable. 

"  This  third  coat  (tercine)  is  formed  by  the  proper  mem- 
brane or  cuticle  of  the  nucleus,  from  whose  substance  in  the 
unimpregnated  ovule  it  is  never,  I  believe,  separable,  and  at 
that  period  is  very  rarely  visible.  In  the  ripe  seed  it  is  dis- 
tinguishable from  the  inner  membrane  only  by  its  apex, 
which  is  never  perforated,  is  generally  acute  and  more  deeply 
coloured,  or  even  sphacelated." 

Mirbel  has,  however,  justly  remarked  that  the  primine  and 
the  secundine  are,  in  the  seed,  very  frequently  confounded; 
and  that,  therefore,  the  word  testa  is  better  employed,  as  one 
which  expresses  the  outer  integument  of  the  seed  without 
reference  to  its  exact  origin,  which  is  practically  of  little  im- 
portance. The  tercine  is  also,  no  doubt,  often  absent  He 
observes  that  these  mixed  integuments  often  give  rise  to  new 
kinds  of  tissue ;  that  in  Phaseolus  vulgaris  the  testa  consists, 
indeed,  of  three  distinct  layers,  but  of  those  the  innermost 
was  the  primine;  and  that  the  others,  which  represent  nothing 
that  pre-existed  in  the  ovule,  have  a  homy  consistence,  and 
are  formed  of  cylindrical  cellules,  which  elongate  in  the 
direction  from  the  centre  to  the  circumference.  And  this  is 
probably  the  structure  of  the  testa  of  many  Leguminosae. 

It  sometimes  happens  that  the  endopleura  (or  tercine?) 
thickens  so  much  as  to  have  the  appearance  of  albumen,  as 
in  Cathartocarpus  fistula.  In  such  a  case  it  is  only  to  be  dis- 
tinguished from  albumen  by  gradual  observation  from  the 
ovule  to  the  ripe  seed. 
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With  regard  to  the  quartine  and  quintine,  one  of  them  is 
occasionaUy  present  in  the  form  of  a  fleshy  sac  that  is  inter- 
posed between  the  albumen  and  the  ovule,  and  envelopes  the 
latter.  It  is  what  was  called  the  vitellits  by  Gcertner,  and 
what  Richard,  by  a  singular  prejudice,  considered  a  dilatation 
of  the  radicle  of  the  embryo  :  to  his  macropodal  form  of  which 
he  referred  the  embryo  of  such  plants.  Instances  of  this  are 
found  in  N}rmphaea  and  its  allies,  and  also  in  Scitamineae,' 
peppers,  and  Saururus.  Brown,  who  first  ajscertained  the 
fact,  considers  this  sac  to  be  always  of  the  same  nature  and 
origin,  and  as  the  vesicula  coUiquamenti  or  amnios  of  MalpighL 

The  end  by  which  the  seed  is  attached  to  the  placenta  is 
called  the  hilum  or  umbilicus  (Plate  VI.  fig.  5.  c,  17.  e,  11.  c, 
&c) ;  it  is  frequently  of  a  different  colour  from  the  rest  of  the 
seed,  not  uncommonly  being  black.  In  plants  with  small 
seeds  it  is  exceedingly  minute,  and  recognised  with  difficulty ; 
but  in  some  it  is  so  large  as  to  occupy  fully  a  third  part  of 
the  whole  surface  of  the  seed,  as  in  the  horse-chestnut,  Sa- 
poteae,  and  others.  Seeds  of  this  kind  have  been  called 
nauca  by  Gcertner.  In  grasses  the  hilum  is  indicated  by  a 
brownish  spot  situated  on  the  face  of  the  seed,  and  is  called 
by  Richard  spilus.  The  centre  of  the  hilum,  through  which 
the  nourishing  vessels  pass,  is  called  by  Turpin  the  omphahh- 
dium.  Sometimes  the  testa  is  enlarged  in  the  form  of  irregu- 
lar lumps  or  protuberances  about  the  umbilicus;  these  are 
called  strophioke  or  carunculcB ;  and  the  umbilicus,  round 
which  they  are  situated,  is  said  to  be  strophiolate  or  carun- 
culate.  Mirbel  has  ascertained  that  in  Euphorbia  Lathyris 
the  strophiole  is  the  fungous  foramen  of  the  primine ;  and  it  is 
probable  that  such  is  often  the  origin  of  this  tubercle :  but  at 
present  we  know  little  general  upon  the  subject. 

The  foramen  in  the  ripe  seed  constitutes  what  is  called  the 
micropyle :  it  is  always  opposite  the  radicle  of  the  embryo ; 
the  position  of  which  is,  therefore,  to  be  determined  without 
dissection  of  the  seed,  by  an  inspection  of  the  micropyle,  — 
often  a  practical  convenience. 

In  some  seeds,  as  the  asparagus,  Commelina,  and  others 
(Jig.  185.),  there  is  a  small  csdlosity  at  a  short  distance  from  the 
hilum :  this  callosity  gives  way  like  a  little  lid  at  the  time  of 
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germination,  emitting  the  radicle,  and  has  been  named  by 
Gaertner  the  embryotega. 

At  the  apex  of  the  seed  in  the  orange,  and  many  other 
plants,  may  be  perceived  upon  die  testa  a  small  brown  spot, 
formed  by  the  union  of  certain  vessels  proceeding  from  the 
hilimi :  this  spot  is  the  chaiaza  (Plate  VI.  fig.  1 1.  b).  In  the 
orange  it  is  beautifully  composed  of  dense  bundles  of  spiral 
vessels  and  spiral  ducts,  without  woody  fibre.  The  vesseb 
which  connect  the  chaiaza  with  the  hilum  constitute  a  parti- 
cular line  of  communication,  called  the  raphe :  in  most  plants 
it  consists  of  a  single  line  passing  up  the  face  of  the  seed ;  but 
in  many  Aurantiaceee  and  Guttiferee  it  ramifies  elegantly  in 
every  direcdon  upon  the  sur&ce  of  the  testa. 

The  raphe  is  always  a  true  indication  of  the  face  of  tlie  seed ; 
and  it  is  very  remarkable  that  the  apparent  exceptions  to  thia 
rule  only  serve  to  confirm  it.  Tlius,  in  some  species  of  Euony- 
mus,  in  which  the  raphe  appears  to  pass  along  the  back,  on 
examination  of  other  species  shows  that  the  ovules  of  such 
species  are  in  fact  resupinate ;  so  that  with  them  the  line  of 
vascularity  representing  the  raphe  is  turned  away  from  its  true 
direction  by  peculiar  circumstances.  In  reality,  the  chaiaza  is 
the  place  where  the  secundine  and  the  primine  are  connected ; 
so  that  in  orthotropous  seeds,  or  such  as  have  the  apex  of  the 
nucleus  at  the  apex  of  the  seed,  and  in  which,  consequently, 
the  union  of  the  primine  and  secundine  takes  place  at  the 
hilum,  tliere  can  be  no  apparent  chaiaza,  and  consequently  no 
raphe:  the  two  latter  can  only  exist  as  distinct  parts  in 
anatropous  seeds,  when  the  base  of  the  nucleus  corresponds  to 
the  geometrical  apex  of  the  seed.  Hence,  also,  there  can  never 
be  a  chaiaza  without  a  raphe,  nor  a  raphe  without  a  chala2a. 
Something  has  already  been  said 
about  the  aril  (Jig.  187.  and  188.) 
when  speaking  of  the  ovule;  but 
it  more  properly  comes  under  con- 
sideration along  with  the  ripe  seed- 
As  a  general  rule  it  may  be  suted, 
!  that  every  thing  proceeding  from 
f  the  placenta  and  not  forming  part 
die  seed  is  referrible  to  the 
//  aril.      Even   in   plants   like   Hib- 
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bertia  volubilis  and  Euonymus  europaeus,  in  which  it  is  of 
unusual  dimensions,  it  is  scarcely  visible  in  the  unimpregnated 
ovary ;  and  it  is  stated  by  Brown,  that  he  is  not  acquainted  with 
any  case  in  which  it  covers  the  foramen  of  the  testa  before  im- 
pregnation. 

The  mass  enclosed  within  the  true  testa  or  outer  integu- 
ment is  called  the  mucleus  ;  and  consists  either  of  aJbnmen  and 
embryo^  or  of  the  latter  only. 

The  albumen  {perispermium^  Juss.;  endospermium^  Rich.; 
medulla  seminis.  Jungius;  secundincB  internee^  Malpighi) 
(Plate  VI.  fig.  5.  a,  1.  a,  9,  a,  &c.),  when  present,  is  a  body 
enclosing  the  embryo,  and  interposed  between  it  and  the  in- 
tegument of  the  seed :  it  is  of  various  degrees  of  hardness, 
varying  irom  fleshy  to  bony,  or  even  stony,  as  in  some  palms. 
It  is  in  all  cases  destitute  of  vascularity,  and  has  been  usually 
considered  as  the  amnios  in  an  indurated  state :  but  Brown  is 
of  opinion  that  it  is  formed  by  a  deposition  or  secretion  of 
granular  matter  in  the  cellules  of  the  amnios,  or  in  those  of 
the  nucleus  itself.  The  albumen  is  often  absent,  frequently 
much  smaller  than  the  embryo,  but  is  also  occasionally  of 
much  greater  size.  This  is  particularly  the  case  in  monoco- 
tyledons, in  some  of  which  the  embryo  scarcely  weighs  a  few 
grains,  while  the  albumen  weighs  many  ounces,  as  in  the 
cocoa-nut.  It  is  almost  always  solid,  but  in  Annonacece  and 
the  nutmeg  tribe  it  is  perforated  in  every  direction  by  dry 
cellular  tissue,  which  appears  to  originate  from  the  remains  of 
the  nucleus  in  which  the  albumen  has  been  deposited :  in  this 
state  it  is  said  to  be  ruminated. 

The  embryo  (or  corculum)  (Plate  VI.  fig.  1.  A,  &c.)  is  a 
fleshy  body,  occupying  the  interior  of  the  seed,  and  consti- 
tuting the  rudiment  of  a  future  plant.  It  is  usually  solitary, 
but  there  are  instances  of  the  presence  of  several  in  one  seed. 
It  was  originally  developed  within  the  innermost  membrane  of 
the  ovule.  In  most  plants  one  embryo  only  is  found  in  each 
seed.  It  nevertheless  occurs,  not  unfrequently,  that  more 
than  one  is  developed  within  a  single  testa,  as  occasionally  in 
the  orange  and  the  hazel  nut,  and  very  commonly  in  Coni- 
ferae,  Cycas,  the  onion,  and  the  mistletoe.  Now  and  then  a 
union  takes  place  of  these  embryos. 
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It  is  distinguished  into  three  parts;  viz.  the  radicle  (Plate 
VI.  fig.  2.  5,  &c.)  (rhizoma  or  rosteUum) ;  cotyledons  (fig.  2.  a, 
&c,),  and  plumule  (or  gemmule)  (fig.  2.  c.) ;  from  which  is  also 
by  some  distinguished  the  caulicule  or  neck  (collet^  scapus^  sccC" 
pellus^  or  tigelle).  Mirbel  admits  but  two  principal  parts; 
viz.  the  cotyledons,  and  what  he  calls  the  blastime^  which  com- 
prises radicle,  plumule,  and  caulicule. 

Upon  certain  remarkable  differences  in  the  structure  of  the 
embryo,  modem  botanists  have  divided  the  whole  vegetable 
kingdom  into  three  great  portions,  which  form  the  basis  of 
what  is  called  the  natural  system.  These  are,  1.  Dicotyle- 
dons; 2.  Monocotyledons;  and,  3.  Acotyledons.  In  order  to 
understand  exactly  the  true  nature  of  the  embryo  in  each  of 
these,  it  will  be  requisite  first  to  describe  it  fully  as  it  exists 
in  dicotyledons,  and  then  to  explain  its  organisation  in  the 
two  others. 

If  a  common  Dicotyledonous  embryo  (Plate  VI.  fig.  2.), 
that  of  the  apple  for  example,  be  examined,  it  will  be  found  to 
be  an  obovate,  white,  fleshy  body,  tapering  and  solid  at  the 
lower  end,  and  compressed  and  deeply  divided  into  two  equal 
opposite  portions  at  the  upper  end ;  the  lower  tapering  end 
is  the  radicle^  and  the  upper  divided  end  consists  of  two 
cotyledons.  Within  the  base  of  the  cotyledons  is  just  visible  a 
minute  point,  which  is  the  plumule.  The  imaginary  line  of 
division  between  the  radicle  and  the  cotyledons  is  the  cauli- 
cule.  If  tlie  embryo  be  placed  in  circumstances  favourable 
{or germination^  the  following  phenomena  occur:  the  cauli- 
cule will  extend  upwards ;  the  radicle  will  become  elongated 
downwards,  forming  a  little  root ;  the  cotyledons  will  elevate 
themselves  above  the  earth  and  unfold ;  and  the  plumule  will 
lengthen  upwards,  and  give  birth  to  a  stem  and  leaves.  Such 
is  the  normal  or  proper  appearance  of  a  dicotyledonous 
embr}'o. 

The  exceptions  to  it  chiefly  consist,  1.  in  the  cohesion  of  the 
cotyledons  in  a  single  mass,  instead  of  their  unfolding;  2.  in 
an  increase  of  their  number  ;  3.  in  their  occasional  absence  ; 
and,  4.  in  their  inequality.  A  cohesion  of  the  cotyledons  takes 
place  in  those  embryos,  which  Gcertner  called  pseudomonocoty^ 
ledonousy  and  Richard  macrocephalous.     In  the  horse-chestnut. 
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the  embryo  consists  of  a  homogeneous  undivided  mass,  with 
a  curved  horn-like  prolongation  of  one  side  directed  towards 
the  hilum.  If  a  section  be  made  in  the  direction  of  the  axis 
of  the  horn-like  prolongation  through  the  whole  mass  of  the 
embryo,  a  slit  will  be  observable  above  the  middle  of  the 
horn,  at  the  base  of  which  lies  a  little  conical  body.  In  this 
embryo  the  slit  indicates  the  division  between  the  two  bases  of 
a  pair  of  opposite  confluent  cotyledons ;  the  conical  body  is 
the  plumule,  and  the  horn-like  prolongation  is  the  radicle. 
In  Castanea  nearly  the  same  structure  exists,  except  that 
the  radicle,  instead  of  being  curved  and  exserted,  is  straight, 
and  enclosed  within  the  projecting  base  of  the  two  cotyle- 
dons ;  and  in  Tropaeolum,  which  is  very  similar  to  Castanea 
in  structure,  the  bases  of  the  cotyledons,  are  slit  into  four 
little  teeth  enclosing  the  radicle.  The  germination  of  these 
s^eds  indicates  more  clearly  that  the  cotyledonary  body  con- 
sists of  two  and  not  of  one  cotyledon ;  at  that  time  the  bases 
of  the  cotyledons,  which  had  been  previously  scarcely  visible, 
separate  and  lengthen,  so  as  to  extricate  the  radicle  and 
plumule  from  the  testa,  within  which  they  had  been  confined. 
In  number  the  cotyledons  vary  from  two  to  a  much  more  con- 
siderable number.  Ceratophyllum  has  constantly  four,  of 
which  two  are  smaller  than  the  others ;  in  Coniferae  they  vary 
from  two  to  more  than  twelve. 

Instances  of  the  absence  of  cotyledons  occur,  1.  In  Cus- 
cuta  (Plate  VI.  fig.  19.),  to  which  they  may  be  supposed  to 
be  denied  in  consequence  of  the  absence  of  leaves  in  that 
genus;  2.  in  Lentibulariae ^  3.  in  Cyclamen,  in  which  the 
radicle  enlarges  exceedingly  r  to  these  a  fourth  instance  has 
by  some  been  added  in  Lecythis,  of  which  Richard  gives  the 
following  account  The  kernel  is  a  fleshy  almond-like  body, 
so  solid  and  homogeneous  that  it  is  extremely  difficult  to  dis- 
cover its  two  extremities  until  germination  takes  place :  at 
that  period  one  of  the  ends  forms  a  little  protuberance,  which 
subsequently  bursts  through  the  integuments  of  the  seed,  and 
extends  itself  as  a  root ;  the  other  end  produces  a  scaly  plu- 
mule, which  in  time  forms  the  stem.  The  great  mass  of  the 
kernel  is  supposed  by  Richard  to  be  an  enlarged  radicle.  I, 
however,  see  no  reason  for  calling  the  two-lobed  part  of  the 
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embryo  (Plate  VL  fig.  17.  c)  a  plumule;  it  is  merely  coty- 
ledons. An  ineqtmlity  of  cotyledons  is  the  most  unusual 
circumstance  with  dicotyledons,  and  forms  a  distinct  approach 
to  the  structure  of  monocotyledons :  it  occurs  in  Trapa  and 
Sorocea,  in  which  they  are  extremely  disproportionate.  In 
Cycas  they  are  also  rather  unequal;  but  in  a  much  less 
degree. 

The  embryo  of  Monocotyledons  (Plate  VI.  fig.  I.  B.  &c.) 
is  usually  a  solid,  cylindrical,  undivided,  homogeneous  body, 
slightly  conical  at  each  extremity,  with  no  obvious  distinction 
of  radicle,  plumule,  or  cotyledons.  In  germination  the  upper 
end  swells  and  remains  within  the  testa  (fig.  10.  C.  i,  &c.); 
the  lower  lengthens,  opens,  and  emits  one  or  more  radicles ; 
and  a  thread-like  green  body  is  protruded  firom  the  upper 
part  of  the  portion  which  is  lengthened  beyond  the  testa. 
Here  the  portion  remaining  within  the  testa  is  a  single  coty- 
ledon ;  that  which  lengthens,  producing  radicles  fi'om  within 
its  point,  is  the  caulicule  and  radicle;  and  the  thread-like 
protruded  green  body  is  the  plumule.  If  this  is  compared  with 
the  germination  of  dicotyledons,  an  obvious  difference  will  be 
at  once  perceived  in  the  manner  in  which  the  radicles  are 
produced :  in  monocotyledons  they  are  emitted  from  within 
the  substance  of  the  radicular  extremity,  and  are  actually 
sheathed  at  the  base  by  the  lips  of  the  passage  through  which 
they  protrude;  while  in  dicotyledons  they  appear  at  once 
from  the  very  surface  of  the  radicular  extremity,  and  con- 
quently  have  no  sheath  at  their  base.  Upon  this  difference 
in  economy,  Richard  proposed  to  substitute  the  term  Endo- 
rhizae  for  monocotyledons,  and  Exorhizss  for  dicotyledons* 
Some  consider  the  former  less  perfect  than  the  latter :  endo- 
rhizae  being  involute^  or  imperfectly  developed;  exorfaizae 
evolute,  or  frdly  developed*  Dumortier  adds  to  these  names 
endophyHous  and  exaphyUous ;  because  the  young  leaves  of 
monocotyledons  are  evolved  from  within  a  sheath  {coleqphyl* 
htm  or  coJeoptihan),  while  those  of  dicotyledons  are  always 
naked.  The  sheath  at  the  base  of  the  radicle  of  monocotyle- 
dons is  called  the  cokarhiza  by  Mirbel.  Another  form  of 
monocotyledonous  embryo  is  that  of  Aroidese  and  their  allies, 
in  which  the  plumule  is  not  so  intimately  combined  with  the 
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embryo  as  to  be  undistinguishable,  but  is  indicated  externally 
by  a  little  slit  above  the  base  (Plate  VI.  fig.  6.  B.  e),  within 
which  it  lies  until  called  into  development  by  germination. 

The  exceptions  to  what  has  been  now  described  ought, 
like  those  of  dicotyledons,  rather  to  be  called  remarkable 
modifications.  Much  stress  has  been  laid  upon  them  by  se- 
veral writers,  who  have  thought  it  requisite  to  give  particular 
names  to  their  parts.  To  me,  however,  it  appears  far  more 
advisable  to  explain  their  analogies  without  the  unnecessary 
creation  of  new  and  bad  names.  In  GraminecB  (Plate  VI. 
fig.  4.)  the  embryo  consists  of  a  lenticular  body  lying  on  the 
outside  of  the  base  of  the  albumen  on  one  side,  and  covered 
on  its  inner  face  by  that  body,  and  on  its  outer  face  by  the 
testa :  if  viewed  on  the  face  next  the  testa,  a  slit  will  be 
observed  of  the  same  nature  as  that  in  the  side  of  the 
embryo  of  Aroideae ;  opening  this  cleft  a  small  conical  pro- 
jection is  discovered,  pointing  towards  the  apex  of  the  seed. 
If  the  embryo  be  then  divided  vertically  through  the  conical 
projection,  it  will  be  seen  that  the  latter  (c)  is  a  sheath  includ- 
ing other  little  scales  resembling  the  rudiments  of  leaves ;  that 
that  part  of  the  embryo  which  lies  next  the  albumen  (rf),  and 
above  the  conical  body,  is  solid ;  and  that  the  lower  extremity 
of  the  embryo  {e)  contains  within  it  the  indication  of  an  in- 
ternal radicle,  as  in  other  monocotyledons.  In  this  embryo 
it  is  to  be  understood  that  the  conical  projection  is  the  plu- 
mule ;  that  part  of  the  embryo  lying  between  it  and  the 
albumen,  a  single  scutelliform  cotyledon  ;  and  the  lower  point 
of  the  embryo,  the  radicle.  In  wheat  there  is  a  second  small 
cotyledon  on  the  outside  of  the  embryo,  inserted  a  little  lower 
down  than  the  scutelliform  cotyledon.  This  last  is  called 
scuteUum  by  Gaertner,  who  considered  it  of  the  nature  of 
vitellus.  Richard  considered  the  scutelliform  cotyledon  a  par- 
ticular modification  of  the  radiele,  which  he  called  hypoblastus ; 
the  plumule  a  form  of  cotyledon,  called  bkutus  ;  the  anterior 
occasional  cotyledon  a  peculiar  appendage,  named  epiblastus; 
and  the  radicle  a  protuberance  of  the  caulicule,  called  radicu' 
loda.  He,  further,  in  reference  to  this  peculiar  opinion, 
termed  embryos  of  this  description  macropodotu.     In  these 
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ideas,  however,  Richard  was  manifestly  wrong,  as  is  now  well 
known. 

From  what  has  been  stated  it  is  apparent  that  dicotyledons 
are  not  absolutely  characterised  by  having  two  cotyledons,  nor 
monocotyledons  by  having  only  one.  The  real  distinction 
between  them  consists  in  their  endorhizal  or  exorhizal  germi- 
nation, and  in  the  cotyledons  of  dicotyledons  being  opposite 
or  verticillate,  while  they  are  in  monocotyledons  solitary  or 
alternate.  Some  botanists  have,  therefore,  recommended  the 
substitution  of  other  terms  in  lieu  of  those  in  common  use. 
Cassini  suggests  isodynamoics  or  isobrious  for  dicotyledons, 
because  their  force  of  development  is  equal  on  both  sides ; 
and  anisodyruimous  or  anisohrious  for  monocotyledons,  because 
their  force  of  development  is  greater  on  one  side  than  on 
the  other.  Another  writer,  Lestiboudois,  would  call  dicoty- 
ledons exoptiles^  because  their  plumula  is  naked ;  and  monoco- 
tyledons endoptllesj  because  their  plumule  is  enclosed  within 
the  cotyledon ;  but  there  seems  little  use  in  these  proposed 
changes,  which  are,  moreover,  as  open  to  objections  as  the 
terms  in  common  use. 

In  the  "  Library  of  Useful  Knowledge"  an  apparently  just 
explanation  of  the  analogy  between  the  embryo  of  monoco- 
tyledons and  dicotyledons  has  been  given ;  and  I  take  the 
liberty  of  reproducing  it  here : — 

"  1.  The  embryo  of  an  Arum  is  like  that  of  a  Palm,  only 
there  is  a  slit  on  one  side  of  it  through  which  the  plumule 
easily  escapes.  2.  In  Rice  (Oryza)  this  slit  is  very  much 
lengthened  and  widened ;  3.  In  Barley  the  plumule  projects 
beyond  the  slit,  leaving  a  flat  cotyledon  on  one  side ;  and  4. 
In  Wheat  the  esnbryo  has  the  structure  of  Barley,  with  this 
most  important  exception,  that  at  the  base  of  the  plumule  in 
front  there  is  a  rudimentary  cotyledon,  alternate  with  the  large 
flat  one,  on  the  opposite  side  of  the  plumule.  Hence  we  are 
to  infer  that  the  monocotyledonous  embryo  of  a  Palm  is  ana- 
logons  to  that  of  a  dicotyledon^  of  which  one  oftlie  cotyledons  is 
abstracted^  and  the  other  rolled  round  the  plumula  and  consoli- 
dated at  its  edges.  And  this  is  the  view  that  must  be  taken  of 
the  monocotyledonous  embryo  in  general,  all  the  modifications 
of  which  seem  reducible  to  this  standard. 
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"  Thus  in  Sea-wrack  (Zostera  marina)  of  which  the  embryo 
is  an  oblong  almond-shaped  body  with  a  cleft  on  one  side,  in 
the  cavity  of  which  a  long  flexuose  process  is  placed,  the  latter 
is  the  plumule,  and  the  former  at  one  end  the  cotyledon,  and 
the  radicle  at  the  other;  in  Ruppia  maritima,  whose  embryo 
is  an  oblong  body,  cut  suddenly  off  at  one  end,  on  which  a 
sort  of  curved  horn  crouches,  the  latter  is  the  plumule,  and 
the  former  chiefly  cotyledon;  and  so  in  frog-bit  (Hydrocharis 
morsus  ranae),  the  embryo  of  which  is  an  oblong  fleshy  kernel 
with  a  hole  on  one  side,  in  which  there  lies  a  short  cylinder ; 
the  latter  is  the  plumule,  and  the  former  the  cotyledon.** 

The  AcoTYLEDONOUS  embryo  is  not  exactly,  as  its  name 
seems  to  indicate,  an  embryo  without  cotyledons;  for,  in  that 
case,  Cuscuta  would  be  acotyledonous.  On  the  contrary,  it 
is  an  embryo,  which  does  not  germinate  from  two  fixed  in- 
variable points,  namely  the  plumule  and  the  radicle,  but  in- 
diflTerently  from  any  point  of  the  surface ;  as  in  some  of  the 
Arum  tribe,  and  in  all  flowerless  plants.  See  Mohl^  Bemer^ 
hungeii  iiber  die  Entwichlung  und  den  Bau  der  Sporen  der  Crypto^ 
gamischen  Gewdckse.     Beffcnsb,  1833. 

For  further  illustrations  of  the  embryo,  consult  Plate  VI. 
and  the  explanation  of  its  figures. 

The  direction  of  the  embryo  is  either  absolute  or  relative. 
Its  absolute  direction  is  that  which  it  has  independently  of  the 
parts  that  surround  it.  In  this  respect  it  varies  much  in  dif- 
ferent genera ;  it  is  either  straight  (Plate  VI.  fig.  5.),  arcuate 
(fig.  9.),  or  falcate,  uncinate,  or  coiled  up  (fig.  8.)  (cyclical), 
folded  up,  spiral  (fig.  19.),  or  bent  at  right  angles  (Plate  V. 
fig.  28.)  {ffromonical.  Link),  serpentine,  or  in  figure  like  the 
letter  S  (sigmoid). 

Its  relative  position  is  determined  by  the  relation  it  bears 
to  the  chalaza  and  micropyle  of  the  seed ;  or,  in  other  words, 
upon  the  relation  that  the  integuments,  the  raphe,  chalaza, 
hilum,  micropyle,  and  radicle  bear  to  each  other.  If  the  sacs 
of  the  ovule  are  in  no  degree  inverted,  but  have  their  com- 
mon point  of  origin  at  the  hilum,  there  being  (necessarily) 
neither  raphe  nor  chalaza  visible,  the  radicle  will  in  that  case 
be  at  the  extremity  of  the  seed  most  remote  from  the  hilum, 
and  the  embryo  inverted  with  respect  to  the  seed,  as  in  Cistus» 
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Urdca,  and  others,  where  it  is  said  to  be  afUitropal.  But  if 
the  ovule  undergoes  the  remarkable  extension  of  one  side 
already  described  in  speaking  of  that  organ,  when  the  sacs 
are  so  inverted  that  their  orifice  is  next  the  hilum,  and  their 
base  at  the  apex  of  the  ovule,  then  there  will  be  a  raphe 
and  chalaza  distinctly  present;  and  the  radicle  will,  in  the  seed, 
be  at  the  end  next  the  hilum,  and  the  embryo  will  be  erect 
with  respect  to  the  seed,  or  orthotropal^  as  in  the  apple, 
plum,  &c  On  the  other  hand,  supposing  that  the  sacs  of 
the  embryo  suffer  only  a  partial  degree  of  inversion,  so  that 
their  foramen  is  neither  at  the  one  extremity  nor  the  other, 
there  will  be  a  chalaza  and  a  short  raphe ;  and  the  ifadicle  will 
point  neither  to  the  apex  nor  to  the  base  of  the  seed,  but  the 
embryo  will  lie,  as  it  were,  across  it,  or  be  heteratropaU  as  is 
the  case  in  the  primrose.  When  an  embryo  is  so  curved  as 
to  have  both  apex  and  radicle  presented  to  the  hilum,  as  in 
Reseda,  it  is  amphitropoL 

In  the  words  of  Grcertner,  an  embryo  is  aaeending  when  its 
apex  is  pointed  to  the  apex  of  the  fruit ;  deacendingy  if  to  the 
base  of  the  fruit ;  centripetal^  if  turned  towards  the  axis  of 
the  firuit ;  and  centrifugal^  if  towards  the  sides  of  the  fruit : 
those  embryos  are  called  wandering,  or  vagiy  which  have  no 
evident  direction. 

The  cotyledons  are  generally  straight,  and  placed  face  to 
face ;  but  there  are  numbeiiess  exceptions  to  this.  Some  are 
separated  by  the  intervention  of  albumen  (Plate  VI.  fig.  11.) ; 
others  are  naturally  distant  from  each  other  without  any 
intervening  substance.  Some  are  straight,  some  waved, 
others  arcuate  or  spiral.  When  they  are  folded  with  their 
back  upon  the  radicle,  they  are  called  incumbent;  if  their 
edges  are  presented  to  the  same  part,  they  are  accumbent; 
terms  chiefly  used  in  speaking  of  Cruciferae. 


15.  Of  Naked  Seeds. 

By  naked  seeds  has  been  understood,  by  the  school  of  Lin- 
naeus, small  seed-like  fruit,  like  that  of  Labiatse,  Boragineae, 
grasses,  and  Cyperaoeae.     But  as  these  are  distinctly  covered 
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by  pericarps,  as  has  been  shown  above,  the  expression  in  the 
sense  of  Linnaeus  is  obviously  incorrect,  and  is  now  abandoned. 
Hence  it  has  been  inferred  that  there  is  no  such  thing  in 
existence  as  a  naked  seed ;  that  is  to  say,  a  seed  which  bears 
on  its  own  integuments  the  organ  of  impregnation.  To  this 
proposition  botanists  had  assented  till  the  year  1825,  when 
Brown  demonstrated  the  existence  of  seeds  strictly  naked; 
that  is  to  say,  from  their  youngest  state  destitute  of  pericarp, 
and  receiving  impregnation  through  their  integuments  without 
the  intervention  of  style  or  stigma,  or  any  stigmatic  apparatus. 
That  most  learned  botanist  has  demonstrated  that  seeds  of  this 
description  are  uniform  in  Coniferae  and  Cycadeae,  in  which 
no  pericarpial  covering  exists.  But  we  have  no  knowledge  at 
present  of  such  an  economy  obtaining  in  other  plants,  as  a 
constant  character.  It  does,  however,  happen,  as  the  same 
observer  has  pointed  out,  that  in  particular  species  the  ovary 
is  ruptured  at  an  early  period  by  the  ovules,  which  thus,  when 
ripe,  become  truly  naked  seeds  :  remarkable  instances  of  which 
occur  in  Ophiopogon  spicatus,  Leontice  thalictroides,  and 
Peliosanthes  Teta. 
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CHAPTER  III. 

dp   THE    COMPOUND   ORGANS    IN    FLOWERLESS   PLANTS.^ 

We  have  now  passed  in  review  all  the  different  organs  which 
exist  in  the  most  perfectly  formed  plants ;  that  is  to  say,  in 
those  whose  reproduction  is  provided  for  by  the  complicated 
apparatus  of  sexes  and  of  fertilising  organs.  Let  us  next 
proceed  to  consider  those  lower  tribes,  some  of  which  are 
scarcely  distinguisliabl^  from  animals,  where  there  is  no  evi- 
dent trace  of  sexes,  in  which  nothing  constructed  like  seeds 
is  to  be  detected,  and  which  seem  to  have  no  other  provision 
made  for  the  perpetuation  of  their  races  than  a  dissolution 
of  their  cellular  system.  In  what  I  may  have  to  say  about 
them,  I  shall  not,  however,  do  any  thing  more  than  give 
a  mere  enumeration  and  description  of  Uieir  organs.  All 
speculative  considerations  are  in  this  case  left  out  of  view: 
those  who  wish  to  be  informed  upon  such  points  may  consult 
the  "  Introduction  to  the  Natural  System  of  Botany." 

I.  Ferns. 

Filices,  or  ferns,  are  plants  consisting  of  a  number  of 
leaves  or  fronds^  as  they  are  called,  attached  to  a  stem  which 
is  either  subterraneous  or  lengthened  above  the  ground,  some- 
times rising  like  a  trunk  to  a  considerable  height.  Hiey  are 
the  largest  of  known  vegetables  in  which  no  organs  of  fructi- 
fication analogous  to  those  of  phacnogamous  plants  have  been 
discovered.  Their  petioles,  or  stipes  (rachis,  W. ;  peridromoy 
Necker),  consist  of  sinuous  strata  of  indurated,  very  compact, 
fibrovascular  tissue,  connected  by  cellular  matter;  and  the 
wood  of  those  which  have  arborescent  trunks  is  formed  by  the 
cohesion  of  the  bases  of  such  petioles  round  a  hollow  or  solid 
cellular  axis.  Tlie  organs  of  reproduction  are  produced  from 
tlie  back  or  under  side  of  the  leaves.  In  Polypodiacem^  or 
what  are  more  commonly  called  dorsiferous  ferns,  they  ori- 
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ginate,  either  upon  the  cuticle  or  from  beneath  it,  in  the  form 
of  spots,  at  the  junctions,  margins,  or  extremities  of  the  vehis. 
As  they  increase  in  growth  they  assume  the  appearance  of 
small  heaps  of  granules,  called  sari  ;  if  examined  beneath  the 
microscope  these  granules,  commonly  called  capsules^  tkeccBy  spo^ 
rangia^  or  canceptacUs^  are  found  to  be  little  brittle  compressed 
bags  formed  of  cellular  membrane,  partially  surrounded  by  a 
thickened  longitudinal  ring  {gyrvLS^  annulus,  gyroma)^  which  at 
the  vertex  loses  itself  in  the  cellularity  of  the  membrane,  and 
at  the  base  tapers  into  a  little  stalk :  the  thecae  burst  with 
elasticity  by  aid  of  their  ring,  and  emit  minute  particles  named 
sporulesy  from  which  new  plants  are  produced;  as  from 
seeds,  in  vegetables  of  a  higher  order.  Interspersed  with  these 
thecae  are  often  intermixed  articulated  hairs;  and,  in  those 
genera  in  which  the  thecae  originate  beneath  the  cuticle,  the 
sori,  when  mature,  continue  covered  with  the  superincumbent 
portion  of  the  cuticle,  which  is  then  called  the  indusium  or 
involucrum  (membrcmvlcL,  Necker;  ghmdulcB  squamosce^  Guet- 
tard).  In  Trichomanes  and  Hymenophyllum  the  thecae  are 
seated  within  the  dilated  cup-like  extremities  of  the  lobes  of 
the  frond,  and  are  attached  to  the  vein  which  passes  through 
their  axis,  which  is  then  called  their  receptacle.  In  another 
tribe,  called  GleichenecBy  the  thecae  have  a  transrerse  complete, 
instead  of  a  vertical  incomplete  ring,  and  they  are  nearly 
destitute  of  stalks ;  in  a  third  tribe  the  sori  occupy  the  whole 
of  the  under  surface  of  the  leaf,  which  becomes  contracted,  and 
wholly  alters  its  appearance :  the  thecae  have  no  ring,  and  the 
cellular  tissue  of  their  membrane  is  not  reticulated,  but  ra- 
diates regularly  from  the  apex. 

In  these  plants  it  has  been  in  vain  endeavoured  to  discover 
traces  of  organs  of  fecundation.  Nevertheless,  as  it  was  diffi- 
cult for  sexualists  to  believe  that  plants  of  so  large  a  size  were 
destitute  of  such  organs,  it  has  been  considered  indispensable 
that  they  should  be  found ;  and,  accordingly,  while  all  seem 
to  agree  in  considering  the  thecae  as  female  organs,  a  variety 
of  other  parts  have  been  dignified  by  the  title  of  male  organs : 
thus,  Micheli  and  Hedwig  found  the  latter  in  certain  stipitate 
glands  of  the  leaf;  Staehelin,  Hill,  and  Schmidel,  in  the 
elastic  ring ;  Koelreuter,  in  the  indusium ;  Gleichen,  in  the 
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stomates;  and  Von  Martins,  in  certain  membranes  enclos- 
ing the  spiral  vessels.  None  of  these  opinions  are  now 
adopted. 

In  Ophioglosseae,  a  remarkable  tribe  of  ferns,  the  fertile 
leaf  is  rolled  up  in  two  lines  parallel  with  its  axis  or  midrib, 
and  at  maturity  opens  regularly  by  transverse  valves  along 
its  whole  length,  emitting  a  fine  powder,  which,  when  magni- 
fied, is  found  to  consist  of  particles  of  the  same  nature  as  the 
sporules  found  in  the  thecae  of  other  ferns ;  here  there  are  no 
thecse,  the  metamorphosed  frond  probably  performing  their 
fimctions.  Such  is  my  view  of  the  structure  of  Ophloglossese; 
but  by  other  botanists  it  is  described  as  a  dense  spike  of  two- 
valved  capsules,  dehiscing  transversely. 

2.  Equisetac€<B. 

In  these  plants,  which  may,  perhaps,  be  more  properly  con- 
sidered the  lowest  form  of  flowering  plants,  the  organs  of 
reproduction  are  arranged  in  a  cone,  consisting  of  scales 
bearing  on  their  lower  surface  an  assemblage  of  cases,  caUed 
theccB^  folliculif  or  involucra,  which  dehisce  longitudinally  in- 
wards. In  these  thecae  are  contained  two  sorts  of  granules ; 
the  one  very  minute  and  lying  irregularly  among  a  larger 
kind,  each  of  which  is  wrapped  in  two  filaments,  fixed  by  their 
middle,  rolled  spirally,  having  either  extremity  thickened,  and 
uncoiling  with  elasticity.  By  Hedwig  the  apex  of  the  larger 
granules  was  supposed  to  be  a  stigma,  and  the  thickened  ends 
of  the  filaments  anthers,  the  small  granules  being  the  pollen. 
At  any  rate  it  is  certain  that  the  larger  granules,  round  which 
the  elastic  filaments  are  coiled,  are  the  reproductive  particles. 

3.  Lycopodiac€(B, 

These  are  leafy  plants  with  the  habit  of  gigantic  mosses. 
Their  leaves  and  stem  have  the  same  structure  as  those  plants, 
except  that  the  former  are  sometimes  provided  with  stomates, 
and  the  latter  with  vessels.  Their  organs  of  reproduction 
are  of  two  kinds :  the  one  kidney-shaped  two-valved  cases, 
called  tIiec€Bj  conceptaclesj  or  capsules^  destitute  of  interna 
divisions,  and  filled  with  minute  powder-like  granules,  which, 
in  consequence  of  lateral  compression,  from  being  spherical, 
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acquire  the  figure  of  irregular  polygons;  the  other  three- 
or  four-valved  thecae,  of  a  similar  appearance,  containing 
three  or  four  roundish  fleshy  bodies,  each  of  which  is  at 
least  fifty  times  larger  than  the  granules  contained  in  the 
first  kind  of  theca,  and  is  said  by  Brotero  to  burst  with 
elasticity,  —  an  observation  which  requires  verification.  The 
first  kind  of  theca  is  found  in  all  species  of  Lycopodiaceae ; 
the  second  Is  only  found  simultaneously  in  a  few.  The  con- 
tents of  both  are  believed  to  be  sporules ;  but  no  satisfactory 
explanation  has  yet  been  offered  of  the  cause  of  their  differ- 
ence in  size,  and  probably  also  in  structure.  I  would  suggest 
that  the  powder-like  grains  are  true  sporules,  and  that  the 
large  ones  are  buds  or  viviparous  organs,  as  has  already  been 
stated  by  Haller  and  Willdenow.  A  writer  in  the  "  Transac- 
tions of  the  Linnean  Society^'  has  figured  and  described  the 
growth  of  the  larger  grains  of  Lycopodium  denticulatum, 
and  he  considers  that  they  exhibit  the  germination  of  a  dico- 
tyledonous plant ;  but,  independently  of  any  mistrust  which 
may  attach  to  the  account,  it  is  obvious  enough  that  his  own 
drawings  and  description  represent  a  mode  of  germination 
analogous,  not  to  that  of  dicotyledons,  but  rather  to  that  of 
monocotyledons,  but  also  reducible  to  the  laws  which  govern 
the  incipient  vegetation  of  a  bud. 

The  powder-like  sporules  are  inflammable,  and  have  been 
supposed  by  Haller,  Linnaeus,  and  others  to  be  pollen,  while 
the  larger  have  been  considered  seeds ;  and  to  a  part  of  the 
sur&ce  of  the  theca  the  office  of  stigma  has  been  attributed. 
The  thecae  themselves  have  been  fancied  to  be  male  apparatus 
by  Koelreuter  and  Gaertner. 

4.  MarsileacecB, 

This  very  curious  little  order  consists  of  plants  differing 
from  each  other  so  much,  that,  although  consisting  of  only 
four  genera,  it  is  necessary  to  subdivide  it  into  two  distinct 
tribes.  As  I  have  never  had  an  opportunity  of  examining 
these  plants  in  a  fresh  state,  I  beg  to  cite  the  observations  of 
Adolphe  Brongniart,  who  appears  to  have  given  them  an 
especial  attention. 

In   Marsileaceae,  properly  so  called,  says  this  botanistf 
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which  consist  of  the  two  genera,  Marsilea  and  Pilularia,  we 
remark  at  the  base  of  the  leaves  certain  involucres  of  a  cori- 
aceous, thick  substance,  and  either  indehiscent  or  opening 
into  several  valves,  divided  internally  into  cells  by  mem- 
branous dissepiments.  Each  of  these  cells  contains  two 
other  cells,  inserted  on  a  part  of  its  inner  coating :  of  these 
one  sort  is  ovaries,  or  rather  grains,  composed  of  an  external 
transparent  membrane  which  swells  with  humidity,  and  be- 
comes a  thick  layer  of  gelatinous  substance ;  the  other  is  an 
internal,  hard,  and  coriaceous  membrane,  of  a  yellow  colour, 
and  indicating  on  its  surface  a  particular  point,  through  which 
the  embryo  is  protruded  upon  being  developed.  The  other 
organs  are  more  numerous,  and  consist  of  membranous  bags, 
slightly  swelling  from  humidity,  opening  at  the  summit,  and 
enclosing  in  the  middle  of  a  gelatinous  mucus  many  spherical 
globules,  which  are  much  smaller  than  the  grains.  Their 
leaves  develope  in  a  gyrate  manner,  like  ferns. 

In  the  second  section  of  this  order,  to  which  the  name 
Salviniese  may  be  given,  and  which  consists  of  the  genera 
Salvinia  and  AzoUa,  we  find  at  the  base  of  the  leaves  mem- 
branaceous involucres  of  two  sorts,  and  containing  difierent 
organs.  One  kind  includes  a  bunch  of  cases  (sporangicLi 
Martins),  containing  only  one  grain  in  Salvinia,  and  from  six 
to  nine  in  Azolla.  The  integument  of  these  cases  is  thin, 
reticulated,  brownish,  and  does  not  swell  in  water  like  that  of 
true  M arsileaceae :  the  pedicel  which  supports  them  appears, 
in  Salvinia,  to  communicate  laterally  with  the  case.  The 
other  involucres,  which  are  supposed  to  be  male  organs,  have 
a  very  complex  structure,  and  have  been  well  observed  by 
Brown.  In  Salvinia  they  contain  a  great  number  of  spherical 
granules,  attached  by  long  pedicels  to  a  central  column  :  these 
granules  are  much  smaller  than  the  grains ;  their  surface  is 
reticulated  in  like  manner,  and  they  do  not  burst  by  the 
action  of  water.  All  the  species  are  floaters,  and  their  leaves 
are  not  gyrate  when  developing,  but  are  more  like  those  of 
Lycopodiaceae.  Thus  far  Brongniart;  see  also  Martins,  Ic.  PL 
Crypt.  Bras,  for  many  curious  additional  observations. 

With  respect  to  the  nature  of  these  two  kinds  of  grains  or 
granules,  it  has  been  thought,  as  is  obvious  from  the  foregoing 
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remarks,  that  the  smaller  are  males  and  the  larger  females ; 
which  has  been  supposed  to  be  proved  by  the  experiments  of 
Savi  of  Pisa.  This  observer  introduced  into  different  vessels, 
1.  the  granules;  2.  the  grains;  and,  3.  the  two  intermixed. 
In  the  two  first  nothing  germinated ;  in  the  third  the  grains 
floated  to  the  surface  and  developed  themselves  perfectly. 
These  observations  have,  however,  been  repeated  by  Duver- 
noy  without  the  same  result.  And  it  must  be  remarked  that, 
if  the  functions  of  these  grains  and  granules  be  wliat  has  been 
attributed  to  them,  the  male  power  of  action  and  the  female 
powers  of  reception  cannot  exist  till  both  are  discharged  from 
the  membranes  or  involucra,  in  which  they  are  contained  and 
placed  in  contact  in  water.  Is  it  impossible  that  the  granules 
or  supposed  male  organs  should  be  only  grains  in  an  imper- 
fectly developed  condition? 

5.  Mosses  and  AndrcBOjcece, 

In  the  structure  of  these  plants  neither  vessels  nor  woody 
tissue  are  employed;  and  from  henceforward  those  organs 
disappear  from  the  structure  of  all  the  tribes  to  be 
noticed.  Their  stem  consists  of  elongated  cellular  tissue, 
from  which  arise  leaves  composed,  in  like  manner,  entirely  of 
cellular  tissue  without  woody  tissue ;  the  nerves,  as  they  are 
called,  or,  more  properly  speaking,  ribs,  which  are  found  in 
many  species,  being  formed  by  the  approximation  of  cellules 
more  elongated  than  those  that  constitute  the  principal  part 
of  the  leaf.  The  leaves  are  usually  a  simple  lamina ;  but  in 
Polytrichum  and  a  few  others  they  are  furnished  with  little 
plates  called  lamellee,  running  parallel  with  the  leaf,  and  ori- 
ginating from  the  upper  surface.  At  the  summit  of  some  of 
the  branches  of  many  species  are  seated  certain  organs,  which 
are  called  male  flowers,  but  the  true  nature  df  which  is  not 
understood*  They  are  possibly  organs  of  reproduction  of  a 
particular  kind,  as  both  Mees  and  Haller  are  recorded  to  have 
seen  them  produce  young  plants. 

Agardh  says  they  have  only  the  form  of  male  organs ;  and 
that  they  really  appear  to  be  gemmiiles.  By  Hedwig  they 
were  called  spermatocystidia. 

But,  whatever  may  be  the  nature  of  these  organs,  there  is 
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no  doubt  of  the  reproductive  functions  of  the  contents  of  what 
is  named  the  theca  or  capsule^  which  is  a  hollow  urn<-like  body, 
containing  sporules :  it  is  usually  elevated  on  a  stalk,  named 
the  setoj  with  a  bulbous  base,  surrounded  by  leaves  of  a  dif- 
ferent form  from  the  rest,  and  distinguished  by  the  name  of 
pericluBtial  leaves.  If  this  theca  be  examined  in  its  youngest 
state,  it  will  be  seen  to  form  one  of  several  small  sessile  ovate 
bodies  {pistillidioy  Agardh;  prosphyses^  Ehrhart;  adductoresj 
Hedwig),  enveloped  in  a  membrane  tapering  upwards  into  a 
point ;  when  abortive  they  are  called  paraphyses.  In  process 
of  time  the  most  central  of  these  bodies  swells,  and  bursts  its 
membranous  covering,  of  which  the  greatest  part  is  carried 
upwards  on  its  point,  while  the  seta  on  which  the  theca  is  sup- 
ported lengthens.  This  part,  so  carried  upwards,  is  named 
the  calyptra  :  if  it  is  torn  away  equally  from  its  base,  so  as  to 
hang  regularly  over  the  theca,  it  is  said  to  be  mitriform  ;  but 
if  it  is  ruptured  on  one  side  by  the  expansion  of  the  theca, 
which  is  more  frequently  the  case,  it  is  denominated  dimidiate. 
When  the  caljrptra  has  fallen  off  or  is  removed,  the  theca  is 
seen  to  be  dosed  by  a  lid  terminating  in  a  beak  or  rostrum : 
this  lid  is  the  operculum^  and  is  either  deciduous  or  persistent. 
If  the  interior  of  the  theca  be  now  investigated,  it  will  be 
found  that  the  centre  is  occupied  by  an  axis,  called  the  co- 
lurneUa  ;  and  that  the  space  between  the  columella  and  the 
sides  of  the  theca  is  filled  with  sporules.  The  brim  of  the 
theca  is  furnished  with  an  elastic  external  ring,  or  annulus^ 
and  an  interior  apparatus,  called  the  peristamium :  this  is 
formed  of  two  distinct  membranes,  one  of  which  originates 
in  the  outer  coating  of  the  theca,  the  other  in  the  inner  coat ; 
hence  they  are  named  the  outer  and  inner  peristomia.  The 
nature  of  the  peristomium  is  practically  determined  at  the 
period  of  the  maturity  of  the  theca.  At  this  time  both  mem- 
branes are  occasionally  obliterated ;  but  this  is  an  unfrequent 
occurrence :  sometimes  one  membrane  only  remains,  either 
divided  into  divisions,  called  teeth,  which  are  always  some 
multiple  of  four,  varying  from  that  number  as  high  as  eighty, 
or  stretching  across  the  orifice  of  the  theca,  which  is  closed  up 
by  it;  this  is  sometimes  named  the  tympanum.  Most  fre- 
quently both  membranes  are  present,  divided  into  teeth,  from 
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differences  in  the  number  or  cohesion  of  which  the  generic 
characters  of  mosses  are  in  a  great  measure  formed.  For 
further  information  upon  the  peristomium  I  must  refer  to 
Brown's  remarks  upon  Lyellia,  in  the  12th  volume  of  the 
Linnean  Transactions. 

The  interior  of  the  theca  is  commonly  unilocular ;  but  in 
some  species,  especially  of  Polytrichum,  it  is  separated  into 
several  cells  by  dissepiments  originating  with  the  columella. 

If  at  the  base  of  the  theca  there  is  a  dilatation  or  swelling 
on  one  side,  this  is  called  a  struma  ;  if  it  is  regularly  lengthened 
downwards,  as  in  most  of  the  Splachnums,  such  an  elongation 
is  called  an  apophysis. 

In  Andraeaceae  the  theca  is  not  an  urn-like  case,  but  splits 
into  four  valves,  cohering  by  the  operculum  and  base. 

From  the  forgoing  description,  it  will  be  apparent  that  the 
organs  of  reproduction  of  mosses  cannot  be  said  to  be  analo- 
gous to  the  parts  of  fertilisation  of  perfect  plants.  I  must 
not,  however,  omit  the  opinion  of  other  botanists  upon  this 
subject.  The  office  of  males  has  been  supposed  by  Micheli 
to  be  performed  by  the  paraphyses ;  by  Linnaeus  and  Dille- 
nius,  by  the  thecae ;  by  Palisot  de  Beauvois,  by  the  sporules ; 
by  Hill,  by  the  peristomium ;  by  Koelreuter,  by  the  calyptra ; 
by  Graertner,  by  the  operculum;  and,  finally,  Hedwig  has 
supposed  the  males  to  be  the  staminidia.  The  female  organs 
were  thought  by  Dillenius  and  Linnaeus  to  be  assemblages  of 
staminidia ;  by  Micheli  and  Hedwig,  the  young  thecae ;  and, 
by  Palisot  de  Beauvois,  the  columella. 

For  some  suggestions  as  to  the  analogy  that  is  borne 
between  the  organs  of  mosses  and  of  other  plants,  see  Mor- 
phology hereafter. 

6.  Jimgermanniace<B  and  Hepatic<B. 

These  differ  remarkably  from  each  other  in  the  modi- 
fications of  their  organs  of  reproduction,  while  they  have  a 
striking  resemblance  in  their  vegetation.  This  latter,  which 
bears  the  name  di  frond  or  thallus^  is  either  a  leafy  branched 
tuft,  as  in  mosses,  with  tlie  cellular  tissue  particularly  large, 
and  the  leaves  frequently  furnished  with  lobes,  and  appendages 

Q  2 


228  ORGANOGRAPHY.  BOOK  I. 

at  the  base,  called  stipidm  or  amphigastria  ;  or  a  sinuous  flat 
mass  of  green  vegetable  matter  lying  upon  the  ground. 

In  Jungermannia,  that  part  which  is  most  obviously  con- 
nected with  tlie  reproduction  of  the  plant,  and  which  bears  an 
indisputable  analogy  to  the  theca  of  mosses,  is  a  valvular 
brown  case,  called  the  capsule  or  conceptacle  {sporocarpitcm), 
elevated  upon  a  white  cellular  tender  seta,  and  originating 
from  a  hollow  sheath  or  perichaetium  arising  among  the  leaves. 
THiis  conceptacle  contains  a  number  of  loose  spiral  fibres 
{elaters)^  enclosed  in  membranous  cases,  among  whidi  sporules 
lie  intermixed :  when  fully  ripe,  the  membranous  case  usually 
disappears,  the  spiral  fibres,  which  are  powerfully  hygro- 
metic,  uncurl,  and  the  sporules  are  dispersed.  When  young, 
the  conceptacle  is  enclosed  in  a  membranous  bag,  which  it 
ruptures  when  it  elongates,  but  which  it  does  not  carry 
upwards  upon  its  point,  as  mosses  carry  their  calyptra.  This 
part,  nevertheless,  bears  the  latter  name. 

Besides  the  conceptacles  of  Jungermannia,  there  are  two 
other  parts  which  are  thought  to  be  also  intended  for  the 
purpose  of  reproduction :  of  these  one  consists  of  spherical 
bodies,  scattered  over  the  surface  of  some  parts  of  the  frond. 
And  containing. a  granular  substance ;  the  other  is  a  hollow 
pouch,  formed  out  of  the  two  coats  of  a  flat  frond,  and  produc- 
ing from  its  inside,  which  is  the  centre  of  the  frond,  numerous 
granulated  round  bodies  which  are  discharged  through  the 
funnel-shaped  apex  of  the  pouch. 

There  are  also  other  bodies  situated  in  the  axiilas  of  the 
perichaetial  leaves,  called  anthers  (or  spermatocystidic^  by 
Hedwig,  and  staminidia^  by  Agardh),  which  "  are  externally 
composed  of  ah  extremely  tliin,  pellucid,  diaphanous  mem- 
brane,'* —  "  within  they  are  filled  with  a  fluid,  and  mixed 
with  a  very  minute  granulated  substance,  generally  of  an 
olivaceous  or  greyish  colour :  this,  when  the  anther  has 
arrived  at  a  state  of  maturity,  escapes  through  an  irregularly 
shaped  opening,  which  bursts  at  the  extremity."  Von  Mar- 
tins suspects  them  to  be  analogous  to  the  sporangia  of  Azolla. 

In  Monoclea  and  Targionia  organs  very  analogous  to  those 
of  Jungermannia  are  formed  for  reproduction. 

In  Marchantia  the  frond  is  a  lobed  flat  green  substance, 
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not  dividing  into  leaves  and  stems,  but  lying  horizontally  upon 
the  ground,  and  emitting  roots  from  its  under  sufiace.  The 
organs  of  reproduction  consist,  ^r^^/y,  of  a  stalked  fungus-like 
receptacle,  carrying  on  its  apex  a  calj^tra,  and  bearing  thecte 
on  its  under  side ;  secondly^  of  a  stalked  receptacle,  plane  on 
the  upper  surface,  with  oblong  bodies  imbedded  vertically  in 
the  disk,  and  called  anthers ;  thirdly^  "  of  little  open  cups 
(cystuUe)^  sessile  on  the  upper  surface  of  the  fronds,  and  con- 
taining minute  green  bodies  {gemnuB)^  which  have  the  power 
of  producing  new  plants."  The  first  kind  is  usually  con- 
sidered a  female  flower,  its  sporules  intermixed  with  elaters  : 
the  second  male,  and  the  third  viviparous  apparatus.  In 
the  opinion  of  many  modern  botanists,  the  granules  of  both 
the  twa  first  are  sporules  :  about  the  function  of  the  last  there 
is  no  difference  of  opinion.  Mirbel  considers  the  first  to  be 
male  and  fi^nale ;  but  it  must  be  confessed  that  in  structure 
there  is  but  little  analogy  between  them  and  the  organs  of 
more  perfect  plants.. 

In  Anthocerosy  while  the  vegetation  is  the  same  as  in  Mar- 
chantia,  the  organs  of  reproduction  are  very  different.  They 
consist  of  a  subulate  column,  issuing  from  a  perichaetium 
perpendicular  to  the  frond,  and  opening  halfway  into  two 
valves,  which  discover,  upon  opening,  a  subulate  columella, 
to  which  sporules  are  attached  without  any  elaters.  There 
are  also  cystulse  upon  the  frond,  in  which  are  enclosed  pedi- 
cellate, reticulated  bodies,  called  anthers. 

SphcBrocarpuLS  consists  of  a  delicate  roundish  frond,  on  the 
sur&ce  of  which  are  clustered  several  cystiils,  each  of  which 
contains  a  transparent  spherule  filled  with  sporules. 

In  Riccia  the  spherules  are  not  surrounded  by  cystulsB,  but 
immersed  in  the  substance  of  the  frond. 

7.  Lichens. 

These  have  a  lobed  frond  or  ihaUus^  the  inner  substance 
of  which  consists  wholly  of  reproductive  matter,  that  breaks 
through  the  upper  surface  in  certain  forms,  which  have 
been  called  fructification.  These  forms  are  twofold ;  firstly, 
shields  or  scutella^  which  are  little  coloured  cups  or  lines  with 
a  hard  disk,  surrounded  by  a  rim,  and  containing  asei^  or 
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tubes  filled  with  sporules ;  and,  secondly,  soredia,  which  are 
heaps  of  pulverulent  bodies  scattered  over  the  sur&ce  of  the 
thallus.  The  nomenclature  of  the  parts  of  lichens  has  been 
excessively  extended  beyond  all  necessity:  it  is,  however, 
absolutely  indispensable  that  it  should  be  fully  understood  by 
those  who  wish  to  read  the  systematic  writers  upon  the 
subject :  — 

1.  jipothecioj  are  shields  of  any  kind. 

2.  Perithecium^  is  the  part  in  which  the  asci  are  immersed. 

3.  Hypothecium^    the  substance  that  surrounds,    or   overlies 

the  perithecium,  as  in  Cladonia. 

4.  Scutettum,  is  a  shield  with  an  elevated  rim,  formed  by  the 

thallus.     OrbiUa  is  the  scutellum  of  Usnea. 

5.  Pelta^  is  a  flat  shield  without  any  elevated  rim,  as  in  the 

genus  Peltidea. 

6.  T\tberculu7ii,  or  cephalodium^   is  a  convex  shield  without  an 

elevated  rim. 
7.*  Tricoy  or  Gyroma,  is  a  shield,  the  surface  of  which  is 
covered  with  sinuous  concentric  furrows. 

8.  LireUa,  is  a  linear  shield,  such  as  is  found  in  Opegrapha, 

with  a  channel  along  its  middle. 

9.  PateUvla^  an  orbicular  sessile  shield,  surrounded  by  a  rim 

which  is  part  of  itself,  and  not  a  production  of  the  thal- 
lus, as  in  Lecidea.  X).  C 

10.  Globulus^  a  round  deciduous  shield,  formed  of  the  thallus, 
and  leaving  a  hollow  when  it  falls  off,  as  in  Isidium.  Z>.  C 

11.  Pilidium^  an  orbicular  hemispherical  shield,  the  outside  of 

which  changes  to  powder,  as  in  Calycium.  Z>.  C. 

12.  Podetioj  the  stalk-like  elongations  of  the  thallus,  which 

support  the  fructification  in  Cenomyce. 

13.  Sct/pha  {oplariumy  Neck.),  is  a  cup-like  dilatation  of  the 

podetium,  bearing  shields  on  its  margin. 

14.  Soredia  {glohvli^  glomeluri)^  are  heaps  of  powdery  bodies 
lying  upon  any  part  of  the  surface  of  the  thallus ;  the 
bodies  of  which  the  soredia  are  composed  are  called 
eonidia  by  Link,  and  propagvla  by  others. 

15.  Cystuloj  or  Cistella,  a  round  closed  apothecium,  filled  with 
sporules,  adhering  to  filaments  which  are  arranged  like 
rays  around  a  common  centre,  as  in  Sphaerophoron. 
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16.  Pulvibmij  are  spongy,  excrescence-like  bodies,  sometimes 

rising  from  the  thallus,  and  often  resembling  minute 
trees,  as  in  Parmelia  glomulifera.     GreviUe. 

17.  CypheUcBy  are  pale  tubercle-like  spots  on  the  taider  sur&ce 
of  the  thallus,  as  in  Sticta.     Grev. 

18.  LacuMBj  are  small  hoUows  or  pits  on  the  vpper  mrface  of 

the  thallus.     Grev. 

19.  Nucleus prolifferus,  is  a  distinct  cartilaginous  body,  coming 

out  entire  from  the  apothecia,  and  containing  the  spo- 
rules.     Grev. 

20.  Zjomina  proligera^    is    a    distinct  body   containing  the 

sporules,  separating  from  the  apothecia,  often  very  convex 
and  variable  in  form,  aiid  mostly  dissolving  into  a  gela- 
tinous mass.     Grev. 

21.  FibriOa^  are  the  roots. 

22.  Excipulusj  IB  that  part  of  the  thallus  which  forms  a  rim 

and  base  to  the  shields. 

23.  Nuckusj  is  the  disk  of  the  shield  which  contains  the 
sporules  and  their  cases. 

24.  Asdf  are  tubes,  in  which  the  sporules  are  contained  while 

in  the  nucleus. 

25.  ThaUodesj  is  an  adjective  used  to  express  an  origin  from 
the  thallus :  thus,  margo  thaUodes  signifies  a  rim  formed 
by  the  thallus,  excipulus  tJiaUodes  a  cup  formed  by  the 
thallus. 

26.  Lorultanj  is  used  by  Acharius  to  express  a  filamentous, 
branched  thallus. 

27.  CrustOy  is  a  brittle  crustaceous  thallus. 

28.  Gongyliy  are  the  Granules  contained  in  the  shields,  and 
have  been  thought  to  be  the  sporules  by  which  lichens 
are  propagated :  but  this  is  doubted  by  Agardh. 

8.  Alg(B  and  CharacecB. 

These,  with  ftmgi,  constitute  the  lowest  order  of  vegetable 
developement :  they  vary  in  size  from  mere  microscopic  ob- 
jects to  a  large  size,  and  are  composed  of  cellular  tissue  in 
various  degrees  of  combination ;  some  are  even  apparently  ani- 
mated, and  thus  form  a  link  between  the  two  great  kingdoms 
of  organised  matter.     Their  sporules  are  either  scattered 

Q  4 
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through  the  general  mass  of  each  plant,  or  collected  in  cer- 
tain places  which  are  more  swollen  than  the  rest  of  the  stem, 
and  sometimes  resemble  the  pericarpia  of  perfect  plants. 
The  terms  used  in  speaking  of  the  parts  of  Algae  are  the 
following :  — 

1.  Gongylus;  a  round  hard  body,  which  falls  off  the  mother 
plant,  and  produces  a  new  individual :  this  is  found  in 
Fuci.     W. 

2.  Thxdlus  ;  the  plant  itself. 

3.  Apothecia ;  the  cases  in  which  the  organs  of  reproduction 
are  contained. 

4.  Peridiolum,  Fr. ;  the  membrane  by  which  the  spondes  are 

immediately  covered. 

5.  Granula  ;  large  sporules,  contained  in  the  centre  of  many 
Algae ;  as  in  Gloionema  of  Greville.     Crypt  Jl.  6.  30. 

6.  Pseudoperiihecium;  1  terms  used  by  Fries  to  express  such 

7.  Pseudohymenium  ;    r      coverings  of  sporidia  as  resemble 

8.  Pseudoperidium ;     J       in  figure  the  parts   named  peri- 

thecium,  hymenium,  and  peridium  in  other  plants :  see 
those  terms. 

9.  Sporidia ;  granules  which  resemble  sporules,  but  which 
are  of  a  doubtful  nature.  It  is  in  this  sense  that  Fries 
declares  that  he  uses  the  word :  vide  Plant,  hamonom, 
p.  294.     Tliey  are  also  called  Sporce. 

10.  PhyconuUer^   Fries ;   the  gelatine  in  which  the  'sporuies  of 

Byssaceae  first  vegetable. 

11.  VesicvdcB;  inflations  of  the  thallus,  filled  with  air,  by  means 
of  which  the  plants  are  enabled  to  float. 

12.  Hypha^  Willd. ;  the  filamentous,  fleshy,  watery  thallus  of 
Byssaceae. 

13.  Nucula  ;  one  of  the  apothecia  of  Charaoeae ;  described  by 
Greville  to  be  a  sessile,  oval,  solitary,  spirally  striated 
body,  with  a  membranous  covering,  and  the  summit 
indistinctly  cleft  into  five  segments  containing  sporules. 

14.  Globuks ;  the  second  organ  of  Characeae ;  the  excellent 
observer  last  quoted  describes  it  as  a  minute  round  body 
of  a  reddish  colour,  composed  externally  of  a  number  of 
triangular  (always  ? )  scales,  which  separate,  and  produce 
its  dehiscence.     The  interior  is  filled  with  a  mass  of 
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elastic,  transversely  undulated  filaments.  The  scales  are 
composed  of  radiating  hollow  tubes,  partly  filled  with 
minute  coloured  granules,  which  freely  escape  when  the 
tubes  are  injured:  their  nature  is  wholly  unknown,  and,- 
I  believe,  hitherto  unnoticed. 
15.  Conioa/sta;  tubercle-like  closed  apothecia,  containing  a 
mass  of  sporules. 

9.  Fungi. 

The  structure  of  these  plants  is  yet  more  simple  than  that 
of  Algae,  consisting  of  little  besides  cellular  tissue,  among 
which  sporules  lie  scattered.  Some,  of  the  lowest  degree  of 
developement,  are  composed  only  of  a  few  cellules,  of  which 
one  is  larger  than  the  rest,  and  contains  the  sporules ;  others 
are  more  highly  compounded,  consisting  of  myriads  of  cellules, 
with  the  sporules  lying  in  cases,  or  cLsci.  Notwithstanding  the 
extreme  simplicity  of  these  plants,  writers  upon  fungi  have 
contrived  to  multiply  the  terms  relating  to  them  in  a  remark- 
able manner.  The  following  are  all  with  which  I  am  ac- 
quainted :  — 

1.  The  pileusj  or  cap^  is  the  uppermost  part  of  the  plant  of 

an  Agaricus,  and  resembles  an  umbrella  in  form. 

2.  The  stipes^  is  the  stalk  that  supports  the  pileus. 

3.  The  volva^  or  wrapper,  is  the  involucrum-like  base  of  the 

stipes  of  Agaricus.  It  originally  was  a  bag  enveloping 
the  whole  plant,  and  was  lefl  at  the  foot  of  the  stipes 
when  the  plant  elongated  and  burst  through  it. 

4.  The  velum^  or  veil,  is  a  horizontal  membrane,  connecting 

the  margin  of  the  pileus  with  the  stipes :  when  it  is 
adnate  with  the  surface  of  the  pileus,  it  is  a  velum 
universale  ;  when  it  extends  only  from  the  margin  of  the 
pileus  to  the  stipes,  it  is  a  velum  partiale, 

5.  The  annulus,  is  that  part  of  the  veil  which  remains  next 

the  stipes,  which  it  surrounds  like  a  loose  collar. 

6.  Cortinoj  is  a  name  given  to  a  portion  of  the  velum  which 

adheres  to  the  margin  of  the  pileus  in  fragments. 

7.  The  kymenium,  is  the  part  in  which  the  sporules  imme- 

diately lie;  in  Agaricus,  .it  consists  of  parallel  plates, 
called  lamella,  or  gills ;  these  are  adnate  with  the  stipes, 
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when  the  end  next  it  cohere  with  it :  when  they  are 
adnate,  and  at  the  same  time  do  not  terminate  abruptly 
at  the  stipes,  but  are  carried  down  it  more  or  less,  they 
are  decurrent ;  if  they  do  not  adhere  to  the  stipes,  they 
are  said  to  be^ree. 

8.  Stroma^  is  a  fleshy  body  to  which  flocci  are  attached;  as 

in  Isaria  and  Cephalotrichmn. 

9.  Flocci^  are  woolly  filaments  found  mixed  with  sporules  in 

the  inside  of  many  GastromycL  The  same  name  is 
also  applied  to  the  external  filaments  of  Byssacese. 

10.  Orbiculusj  is  a  round  flat  hymenium  contained  within  the 

peridium  of  some  fungi ;  as  Nidularia.    fV, 

11.  Nucleus^  is  the  central  part  of  a  perithecium. 

12.  Sporangium,  is  the  external  case  of  Lycoperdon  and  its 

allies. 

13.  Sporangiola,  are  cases  containing  sporidia. 

14.  Perithecium,   is   a  term  used  to  express  the  part  which 

contains  the  reproductive  organs  of  Sphasria  and  its 
co-ordinates. 

15.  Peridium,  is  also  a  kind  of  covering  of  sporidia;  peridia- 

lum  is  its  diminutive. 

16.  Ostiolum,  is  the  orifice  of  the  perithecium  of  Sphseria. 

17.  Spherula,  is  a  globose  peridium,  with  a  central  opening 

through  which  sporidia  are  emitted,  mixed  with  a  gela- 
tinous pulp. 

18.  CapiUitium,  is  a  kind  of  purse  or  net,  in  which  the  sporules 

of  some  fungi  are  retained ;  as  in  Trichia.     W. 

19.  Trichidium,  or  pecten,  is  a  tender,  simple,  or  sometimes 

branched  hair,  which  supports  the  sporules  of  some 
fungi ;  as  Geastrum.     fV. 

20.  Asci,  are  the  tubes  in  which  the  sporidia  are  placed ; 

ascetti  or  tkeccB  are  the  same  thing. 

21.  SporidicL,  are  the  immediate  covering  of  sporules;  spo^ 

ridiola,  are  sporules. 

22.  ThaUus,  or  thalamus,  is  the  bed  of  fibres  from  which  many 

fungi  arise. 

23.  Mycelia,  are  the  rudiments  of  fungi,  or  the  matter  from 

which  fiingi  are  produced. 
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physiology;  or,  plants  considered  in  a  state 

OF   action. 


GENERAL   CONSIDERATIONS. 

We  have  thus  far  considered  plants  as  inert  bodies,  having 
certain  modifications  of  structure,  and  formed  upon  a  plan, 
the  simplicity  and  imiformity  of  which  is  among  the  most 
beautiful  proofs  of  the  boimdless  power  and  skill  of  the  Deity. 

Our  next  business  is  to  enquire  into  the  nature  of  their 
vital  actions,  and  to  consider  those  phenomena  in  which  the 
analogy  that  imdoubtedly  exists  between  plants  and  animals 
is  most  striking;  in  a  word,  to  make  ourselves  acquainted 
with  the  exact  nature  of  the  laws  of  vegetable  life. 

In  explaining  these  things,  it  is  not  my  purpose  to  notice  all 
the  different  speculations  that  ingenious  men  have  from  time 
to  time  brought  forward :  for  this  would  be  incompatible  with 
the  plan  of  my  work,  and  would  be  &r  more  curious  than 
useful.  On  the  contrary,  I  propose,  in  the  first  place,  to  give 
a  summary  exposition  of  the  principal  phenomena  of  vegeta- 
tion, and  then  to  support  the  statement  by  a  detailed  account 
of  the  more  important  proo&  of  all  doubtful  points. 

In  this  I  have  been  most  materially  assisted  by  the  Physio^ 
loffie  Vigitale  of  De  Candolle,  a  work  of  which  it  is  difficult  to 
speak  in  terms  of  sufficient  eulogy,  but  which  I  feel  quite 
justified  in  describing  as  the  most  important  production  on 
the  subject  of  Vegetable  Physiology,  since  the  appearance  of 
the  Physique  des  Arhres  of  Duhamel. 


If  we  place  a  seed  —  that  of  an  apple  for  instance  — in 
earth  at  the  temperature  of  32®  Fahr.,  it  will  remain  inactive 
till  it  finally  decays.   But  if  it  is  placed  in  moist  earth  above 
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the  temperature  of  32°,  and  screened  from  the  action  of  light, 
its  integument  gradually  imbibes  moisture  and  swells,  the 
tissue  is  softened,  and  acquires  the  capability  of  stretching, 
oxygen  is  absorbed,  carbonic  acid  expelled,  nutritious  food  for 
the  young  parts  is  prepared  by  the  conversion  of  starch  into 
sugar,  and  the  vital  action  of  the  embryo  commences.  It 
lengthens  downwards  by  the  radicle,  and  upwards  by  the 
cotyledons ;  the  former  penetrating  the  soil,  the  latter  elevat- 
ing themselves  above  it,  acquiring  a  green  colour  by  the, 
deposition  of  the  carbon  they  absorb  from  the  atmosphere,  and 
unfolding  in  the  form  of  two  opposite  roundish  leaves.  This 
is  the  first  stage  of  vegetation :  the  young  plant  consists  of 
little  more  than  cellular  tissue ;  only  an  imperfect  develope- 
ment  of  vascular  and  fibrous  tissue  being  discoverable,  in  the 
form  of  a  sort  of  cylinder,  lying  just  in  the  centre.  The 
part  within  the  cylinder,  at  its  upper  end,  is  now  the  pith, 
without  it  the  bark ;  while  the  cylinder  itself  is  the  prepara- 
tion for  the  medullary  sheath,  and  consists  of  vertical  fibres 
passing  through  and  separated  by  cellular  tissue. 

The  young  root  is  now  lengthening  at  its  point,  and 
absorbing  from  the  earth  its  nutriment,  which  passes  up  to  the 
summit  of  the  plant  by  the  cellular  substance  of  the  pith,  and 
is  thence  impelled  into  the  cotyledons,  where  it  is  aerated 
and  evaporated,  and  urged  upwards  against  the  growing 
point  or  plumule :  such  of  it  as  is  not  fixed  in  the  cotyledons 
passes  down  through  the  bark  into  the  root. 

Forced  onwards  by  the  current  of  sap,  which  is  continually 
impelled  upwards  from  the  root,  the  plumule  next  ascends  in 
the  form  of  a  little  twig,  at  the  same  time  sending  roots 
downwards  in  the  centre  of  the  radicle,  in  the  form  of  fibres, 
which  become  the  earliest  portion  of  wood  that  is  deposited : 
these  fibres,  by  their  action,  now  compel  the  root  to  emit 
little  ramifications.  Previously  to  the  elongation  of  the 
plumule  its  point  has  acquired  the  rudimentary  state  of  a  leaf: 
this  latter  continues  to  develope  as  the  plumule  elongates,  until, 
when  the  first  internode  of  the  latter  ceases  to  lengthen,  the 
leaf  has-  actually  arrived  at  its  complete  formation.  When 
fully  grown  it  repeats  in  a  much  more  perfect  manner  the 
fimctions  previously  performed  by  the  cotyledons :  it  aerates 
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the  sap  that  it  receives,  and  returns  the  superfluous  portion 
of  it  downwards  through  the  bark  to  the  root ;  it  also  sends 
fibres  down  between  the  medullary  sheath  and  the  bark,  thus 
forming  the  first  stratum  of  wood  in  the  new  stem.  During 
these  operations,  while  the  plumule  is  ascending,  its  leaf  form- 
ing and  acting,  and  the  woody  matter  created  by  its  descend«- 
ing,  the  cellular  tissue  of  the  stem  is  forming,  and  expanding 
horizontally  to  make  room  for  the  new  matter  forced  into  it; 
so  that  developement  is  going  on  simultaneously  both  in 
a  horizontal  and  perpendicular  direction.  This  process  may 
not  inaptly  be  compared  to  that  of  weaving,  the  warp  being 
the  perpendicular,  and  the  weft  the  horizontal,  formation.  In 
order  to  enable  the  leaf  to  perform  its  functions  of  aeration 
completely,  it  is  traversed  by  veins  originating  in  the  pith,  and 
has  delicate  pores  (stamates)^  which  communicate  with  a 
highly  complex  pneumatic  system  that  extends  to  almost 
every  part  of  the  plant. 

►  Simultaneously  with  the  descent  of  fibres  downwards  from 
the  leaf,  the  emission  of  young  roots,  and  their  increase  by 
addition  to  the  cellular  substance  of  their  points,  take  place. 
They  thus  are  made  to  bear  something  like  a  definite  propor*- 
tion  to  the  leaves  they  have  to  support,  and  with  which  they 
must  of  necessity  be  in  direct  communication. 

After  the  production  of  its  first  leaf  by  the  plumule,  others 
are  successively  produced  around  the  axis  at  its  growing 
point,  all  constructed  alike,  connected  with  the  stem  or  axis 
in  the  same  manner,  and  performing  precisely  the  same  func- 
tions as  have  been  just  described.  At  last  the  axis  ceases  to 
lengthen ;  the  old  leaves  gradually  fall  off;  the  new  leaves, 
instead  of  expanding  after  their  formation,  retain  their  rudi- 
mentary condition,  harden,  and  fold  over  one  another,  so  as 
to  be  a  protection  to  the  delicate  point  of  growth ;  or,  in 
other  words,  become  the  scales  of  a  bud.  We  have  now  a 
shoot  with  a  woody  axis,  and  a  distinct  pith  and  bark ;  and 
of  a  more  or  less  conical  figure.  At  the  axil  of  every  leaf 
a  bud  had  been  generated  during  the  growth  of  the  axis ;  so 
that  the  shoot,  when  deprived  of  its  leaves,  is  covered  from  end 
to  end  with  little,  symmetrically  arranged,  projecting  points, 
which  are  the  buds.      The  cause  of  the  figure  of  the  perfect 
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shoot  being  conical  is,  that,  as  the  wood  originates  from  the 
base  of  the  leaves,  the  lower  end  of  the  shoot,  which  has  the 
greatest  number  of  strata,  because  it  has  the  greatest  number 
of  leaves  above  it,  will  be  the  thickest ;  and  the  upper  end, 
which  has  had  the  fewest  leaves  to  distend  it  by  their  deposit, 
will  have  the  least  diameter.  Thus  that  part  of  the  stem 
which  has  two  leaves  above  it  will  have  wood  formed  by  two 
successive  deposits ;  that  which  has  nine  leaves  above  it  will 
have  wood  formed  by  nine  successive  deposits ;  and  so  on : 
while  the  growing  point,  as  it  can  have  no  deposit  of  matter 
from  above,  will  have  no  wood,  the  extremity  being  merely 
covered  by  the  rudiments  of  leaves  hereafter  to  be  developed. 

If  at  this  time  a  cross  section  be  examined,  it  will  be  found 
that  the  interior  is  no  longer  imperfectly  divided  into  two 
portions,  namely,  pith  and  skin,  as  it  was  when  first  ex- 
amined in  the  same  way,  but  that  it  has  distinctly  two,  internal, 
perfect,  concentric  lines,  the  outer  indicating  a  separation  of 
the  bark  from  wood ;  and  the  inner,  a  separation  of  the  wood* 
from  the  pith :  the  latter,  too,  which  in  the  first  observation 
was  fleshy,  and  saturated  with  humidity,  is  become  distinctly 
ceUular,  and  altogether  or  nearly  dry. 

With  the  spring  of  the  second  year  and  the  return  of 
warm  weather  vegetation  recommences. 

The  uppermost,  and  perhaps  some  other,  buds  which  were 
formed  the  previous  year  gradually  unfold,  and  pump  up  sap 
from  the  stock  remaining  in  store  about  them ;  the  place  of  the 
sap  so  removed  is  instantly  supplied  by  that  which  is  next  it ; 
an  impulse  is  thus  given  to  the  fluids  from  the  summit  to  the 
roots;  fresh  extension  and  fresh  fibrils  are  given  to  the 
roots ;  new  sap  is  absorbed  from  the  earth,  and  sent  upwards 
through  the  wood  of  last  year ;  and  the  phenomenon  called  the 
flow  of  the  sap  is  fully  completed,  to  continue  with  greater  or 
less  velocity  till  tlie  return  of  winter.  The  growing-  point 
lengthens  upwards,  forming  leaves  and  buds  in  the  same  way 
as  the  parent  shoot :  in  like  manner  also  each  bud  sends  down 
its  roots,  in  the  form  of  fibres  within  the  bark  and  above  the 
wood  of  the  shoot  from  which  it  sprang ;  thus  forming  on  the 
one  hand  a  new  layer  of  wood,  and  on  the  other  a  fresh 
deposit  of  bark.     In  order  to  facilitate  this  last  operation,  the 
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old  bark  and  wood  are  separated  in  the  spring  by  the  exudation 
from  both  of  them  of  the  glutinous,  slimy  substance  called 
cambium;  which  appears  to  be  expressly  intended,  in  the 
first  instance,  to  &cilitate  the  descent  of  the  subcortical  fibres 
of  the  growing  buds  ;  and,  in  the  second  place,  to  assist  in 
generating  the  ceUular  tissue  by  which  the  horizontal  dilata- 
tion of  the  axis  is  caused,  and  which  maintains  a  communica- 
tion between  the  bark  and  the  centre  of  the  stem.  These 
lines  of  communication  have,  by  the  second  year,  become  suf- 
ficiently developed  to  be  readily  discovered,  and  are  in  &ct 
the  medullary  rays  spoken  of  in  the  last  book.  It  will  be 
remembered  that  there  was  a  time  when  that  which  is  now 
bark  constituted  a  homogeneous  body  with  the  pith ;  and  that 
it  was  after  the  leaves  began  to  come  into  action  that  the 
separation  which  now  exists  between  the  bark  and  pith  took 
place.  At  the  time  when  they  were  indissolubly  united  they 
both  consisted  of  cellular  tissue,  with  a  few  spiral  vessels  upon 
the  line  indicative  of  future  separation.  When  a  deposit  of 
wood  was  formed  from  above  between  them  they  were  not 
wholly  divided  the  one  from  the  other,  but  the  deposit  was 
effected  in  such  a  way  as  to  leave  a  communication  by  meanift 
of  cellular  tissue  between  the  bark  and  the  pith ;  and,  as  thid 
formation  is  at  all  times  cosetaneous  with  that  of  the  wood, 
the  communication  so  effected  between  the  pith  and  bark  is 
quite  as  perfect  at  the  end  of  the  third  year  as  it  is  at  the 
beginning  of  the  first ;  and  so  it  will  continue  to  be  to  the 
end  of  the  growth  of  the  plant.  The  sap  which  has  been 
sucked  into  circulation  by  the  unfolding  leaves  is  exposed,  as 
in  the  previous  year,  to  the  effect  of  air  and  light ;  is  then  re- 
turned through  the  petiole  to  the  stem,  and  sent  downwards 
through  the  bark,  to  be  from  it  either  conveyed  to  the  root, 
or  distributed  horizontally  by  the  medullary  rays  to  the  centre 
of  the  stem.  At  the  end  of  the  year  the  same  phenomena 
occur  as  took  place  the  first  season :  wood  is  gradually  de- 
posited by  slower  degrees,  whence  the  last  portion  is  denser 
than  the  first,  and  gives  rise  to  the  appearance  called  the 
annual  zones :  the  new  shoot  or  shoots  are  prepared  for  winter, 
and  are  again  elongated  cones,  as  was  the  first ;  and  this  latter 
has  acquired  an  increase  in  diameter  proportioned  to  the 
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quantity  of  new  shoots  which  it  produced,  new  shoots  being 
to  it  now  what  young  leaves  were  to  it  before. 

The  third  year  all  that  took  place  the  year  before  is 
repeated :  more  roots  appear ;  sap  is  again  absorbed  by  the 
unfolding  leaves ;  and  its  loss  is  made  good  by  new  fluids  in- 
troduced by  the  roots  and  transmitted  through  the  alburnum 
or  wood  of  the  year  before ;  new  wood  and  liber  are  deposited 
by  matter  sent  downwards  by  the  buds;  cambium  is  exuded; 
the  horizontal  developement  of  cellular  tissue  is  repeated,  but 
more  extensively ;  wood  towards  the  end  of  the  year  is  formed 
more  slowly,  and  has  a  more  compact  character ;  and  another 
ring  appears  indicative  of  this  year's  increase. 

In  precisely  the  same  manner  as  in  the  second  and  third 
years  of  its  existence  will  the  plant  continue  to  vegetate,  till 
the  period  of  its  decay,  each  successive  year  being  a  repetition 
of  the  phenomena  of  that  which  preceded  it. 

After  a  certain  number  of  years  the  tree  arrives  at  the 
age  of  puberty :  the  period  at  which  tins  occurs  is  very  uncer- 
tain, depending  in  some  measure  upon  adventitious  circum- 
stances, but  more  upon  the  idiosyncrasy,  or  peculiar  constitu- 
tion of  the  individual.  About  the  time  when  this  alteration  of 
habit  is  induced,  by  the  influence  of  which  the  sap  or  blood  of 
the  plant  is  to  be  partially  directed  from  its  former  courses 
into  channels  in  which  its  force  is  to  be  applied  to  the  pro- 
duction of  new  individuals  rather  than  to  the  extension  of 
itself;  —  about  this  time  it  will  be  remarked  that  certain  of 
the  young  branches  do  not  lengtlien,  as  had  been  heretofore 
the  wont  of  others,  but  assume  a  short  stunted  appearance, 
probably  not  growing  two  inches  in  the  time  which  had  been 
previously  sufficient  to  produce  twenty  inches  of  increase.  Of 
these  little  stunted  branches,  called  spurs^  the  terminal  bud 
acquires  a  swollen  appearance,  and  at  length,  instead  of  giving 
birth  to  new  leaves,  produces  from  its  bosom  a  cluster  of 
flower-buds,  or  alabastri,  which  had  been  enwrapped  and 
protected  from  injury  during  the  previous  winter  by  several 
layers  of  imperfect  leaves,  now  brought  forth  as  bracts.  Sap 
is  impelled  into  the  calyx  through  the  pedicel  by  gentle  de- 
grees, is  taken  up  by  it,  and  exposed  by  the  surface  of  its 
tube  and  segments  to  air  and  light ;  but,  having  very  imperfect 
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means  of  returning,  all  that  cannot  be  consumed  by  the  calyx 
is  forced  onwards  into  the  circulation  of  the  petals,  stamens, 
and  pistil.  The  petals  unfold  themselves  of  a  dazzling  white 
tinged  with  pink,  and  expose  the  stamens ;  at  the  same  time 
the  disk  changes  into  a  saccharine  substance,  which  nourishes 
the  stamens  and  pistil,  and  gives  them  energy  to  perform 
their  functions. 

At  a  fitting  time,  the  stigmatic  surface  of  the  pistil  being 
ready  to  receive  the  pollen,  the  latter  is  injected  upon  it  from 
the  anthers,  which  have  remained  in  approximation  to  it  for 
that  particular  purpose.  When  the  pollen  touches  the  stigma, 
the  grains  adhere  firmly  to  it  by  means  of  its  viscid  surface, 
then  emit  a  delicate  membranous  tube,  which  pierces  into  the 
stigmatic  tissue,  lengthens  there,  and  conveys  the  vivifying 
matter  contained  in  the  poUen  towards  the  ovules,  which  it  finally 
enters  by  means  of  their  foramen.  This  has  no  sooner  oc- 
curred than  the  petals  and  stamens  fade  and  fall  away,  their 
ephemeral  but  important  functions  being  accomplished.  All 
the  sap  which  is  afterwards  impelled  through  the  peduncle 
can  only  be  disposed  of  to  the  calyx  and  ovary,  where  it 
lodges :  both  these  swell  and  form  a  young  fruit,  which  con- 
tinues to  grow  as  long  as  any  new  matter  of  growth  is  supplied 
from  the  parent  plant.  After  a  certain  period  the  juices  of 
the  fruit  cease  to  be  increased  by  the  addition  of  new  matter, 
its  surface  performs  the  functions  of  leaves  in  exposing  the 
juice  to  light  and  air;  finally  it  ceases  to  decompose  carbonic 
acid,  gains  oxygen  in  excess,  loses  its  green  colour,  assumes 
the  rich  ruddy  glow  of  maturity;  the  juices  cease  to  be  in- 
fluenced by  light ;  die  peduncle  is  no  longer  a  passage  for 
fluids,  but  dries  up  and  becomes  unequal  to  supporting  the 
fruit,  which  at  last  falls  to  the  earth.  Here,  if  not  destroyed 
by  animals,  it  lies  and  decays :  in  the  succeeding  spring  its 
seeds  are  stimulated  into  life,  strike  root  in  the  mass  of  decayed 
matter  that  surrounds  them,  and  spring  forth  as  new  plants  to 
undergo  all  the  vicissitudes  of  their  parent. 

Such  are  the  progressive  phenomena  in  the  vegetation,  not 
only  of  the  apple,  but  of  all  trees  that  are  natives  of  northern 
climates,  and  of  a  large  part  of  the  herbage  of  the  same  coun- 
tries —  modified,  of  course,  by  peculiarities  of  structure  and 
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constitution:  as  in  annual  and  herbaceous  plants,  and  in  those 
the  leaves  of  which  are  opposite  and  not  alternate ;  but  all 
the  more  essential  circumstances  of  their  growth  are  the  same 
as  those  of  the  apple  tree. 

If  we  reflect  upon  these  phenomena,  our  minds  can  scarcely 
fail  to  be  deeply  impressed  with  admiration  at  the  perfect  sim- 
plicity and,  at  tlie  same  time,  faultless  skill  with  which  all  the 
machinery  is  contrived  upon  which  vegetable  life  depends*  A 
few  forms  of  tissue,  interwoven  horizontally  and  perpendicu- 
larly, constitute  a  stem ;  the  development,  by  tlie  first  shoot 
that  the  seed  produces,  of  buds  which  grow  upon  the  same 
plan  as  the  first  shoot  itself,  and  a  constant  repetition  of  the 
same  phenomenon,  cause  an  increase  in  the  length  and  breadth 
of  the  plant ;  an  expansion  of  the  bark  into  a  leaf,  within 
which  ramify  veins  proceeding  from  the  seat  of  nutritive 
matter  in  the  new  shoot,  the  provision  of  air-passages  in  its 
substance,  and  of  pores  on  its  surface,  enables  the  crude  fluid 
sent  from  the  root  to  be  elaborated  and  digested  until  it  be- 
comes the  peculiar  secretion  of  the  species ;  the  contraction  of 
a  branch  and  its  leaves  forms  a  ilower ;  the  disintegration  of 
the  internal  tissue  of  a  petal  forms  pollen ;  the  folding  in- 
wards of  a  leaf  is  sufficient  to  constitute  a  pistil ;  and,  finally, 
the  gorging  of  the  pistil  with  fluid  which  it  cannot  part  with, 
causes  the  production  of  a  fruit. 

In  hot  latitudes  there  exists  another  race  of  trees,  of  which 
Palms  are  the  representatives;  and  in  the  north  there  are 
many  herbs,  in  which  growth,  by  addition  to  the  outside,  is 
wholly  departed  from,  ,the  reverse  taking  place ;  that  is  to  say, 
their  diameter  increasing  by  addition  to  the  inside.  As  the 
seeds  of  such  plants  are  formed  with  only  one  cotyledon,  they 
are  called  monocotyledonous ;  and  their  growth  being  from 
the  inside,  they  are  also  named  endogens.  In  these  plants  the 
functions  of  tlie  leaves,  flowers,  and  fruit  are  in  nowise  dif- 
ferent from  those  of  the  apple;  their  peculiarity  consisting 
only  in  the  mode  of  forming  their  stems.  When  a  monocoty- 
ledonous seed  has  vegetated  it  usually  does  not  disentangle  its 
cotyledon  from  the  testa,  but  simply  protrudes  the  coUum  and 
the  radicle;  the  cotyledon  swelling,  and  remaining  firmly 
encased   in  the  seminal   integuments.     The   radicle  shoots 
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downwards  to  become  root ;  and  a  leaf  is  emitted  from  the 
side  of  the  collum.  This  first  leaf  is  succeeded  by  another 
facing  it,  and  arising  from  its  axil ;  the  second  produces  a 
third  facing  it,  and  arising  also  from  its  axil ;  and,  in  this 
manner,  the  production  of  leaves  continues,  until  the  plant,  if 
caulescent,  is  ready  to  produce  its  stem.  Up  to  this  period 
no  stem  having  been  formed,  it  has  necessarily  happened  that 
the  bases  of  the  leaves  hitherto  produced  have  been  all  upon 
the  same  plane;  and  as  each  has  been  produced  from  the 
bosom  of  the  other  without  any  such  intervening  space  as 
occurs  in  dicotyledonous  plants,  it  would  be  impossible  for  the 
matter  of  wood,  if  any  was  formed,  to  be  sent  downwards 
around  the  circumference  of  the  plant :  it  would,  on  the  con- 
trary, have  been  necessarily  deposited  in  the  centre.  In  point 
of  fact,  however,  no  deposit  of  wood  like  that  of  dicotyledons 
takes  place,  either  now  or  hereafter.  The  union  of  the  bases 
of  the  leaves  has  formed  a  fleshy  stock,  cormus,  or  platen 
which»  if  examined,  will  be  found  to  consist  of  a  mass  of 
cellular  tissue,  traversed  by  perpendicular  and  horizontal 
bundles  of  vascular  and  woody  tissue,  taking  their  origin  in 
the  veins  of  the  leaves,  of  which  they  are  manifest  prolong- 
ations downwards ;  and  there  is  no  trace  of  bcurk,  medullary 
rays,  or  central  pith :  the  whole  body  being  a  mass  of  pith, 
woody  and  vascular  tissue,  mixed  together.  To  understand 
this  formation  yet  more  clearly,  consider  for  a  moment  the 
internal  structure  of  the  petiole  of  a  dicotyledon  :  it  is  com- 
posed of  a  bundle  or  bundles  of  vascular  tissue  encased  in 
woody  fibre,  surrounded  on  all  sides  with  pith,  or,  which  is 
the  same  thing,  parenchyma.  Now  suppose  a  number  of 
these  petioles  to  be  separated  from  their  blades,  and  to  be  tied 
in  a  bunch  parallel  with  each  other,  and,  by  lateral  pressure, 
to  be  squeezed  so  closely  together  that  their  surfaces  touch 
each  other  accurately,  except  at  the  circumference  of  the 
bunch.  If  a  transverse  section  of  these  be  made,  it  will 
exhibit  the  same  mixture  of  bundles  of  woody  tissue  and  par- 
enchyma, and  the  same  absence  of  distinction  between  pith, 
wood,  and  bark,  which  has  been  noticed  in  the  cormus,  or 
plate,  of  monocotyledons. 

As  soon  as  the  plate  has  arrived  at  the  necessary  diameter 
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it  begins  to  lengthen  upwards,  leaving  at  its  base  those  leaves 
that  were  before  at  its  circumference,  and  carrying  upwards 
with  it  such  as  occupied  its  centre;  at  the  same  time,  new 
leaves  continue  to  be  generated  at  the  centre,  or,  as  it  must 
now  be  called,  at  the  apex  of  the  shoot. 

As  fresh  leaves  are  developed,  they  thrust  aside  to  the  cir- 
cumference those  which  preceded  them,  and  a  stem  is  by 
degrees  produced.  Since  it  has  not  been  formed  by  additions 
made  to  its  circumference  by  each  successive  leaf,  it  is  not 
conical,  as  in  dicotyledons ;  but,  on  the  contrary,  as  its  in- 
crease lias  been  at  the  centre,  which  has  no  power  to  extend 
its  limits,  being  confined  by  the  circumference  which,  when 
once  formed,  does  not  afterwards  materially  alter  in  dimen- 
sions, it  is,  of  necessity,  cylindrical :  and  this  is  one  of  the 
marks  by  which  a  monocotyledon  is  often  to  be  known  in  the 
absence  of  other  evidence.  The  centre  being  but  little  acted 
upon  by  lateral  pressure,  it  remains  loose  in  texture,  and,  until 
it  becomes  very  old,  does  not  vary  much  from  the  density 
acquired  by  it  shortly  after  its  formation ;  but  the  tissue  of 
the  circumference  being  continually  jammed  together  by  the 
pressure  outwards  of  the  new  matter  formed  in  the  centre,  in 
course  of  time  becomes  a  solid  mass  of  woody  matter,  the 
cellular  tissue  once  intermingled  with  it  being  almost  ob- 
literated, and  appearing  among  the  bundles  it  formerly 
surrounded,  like  the  interstices  around  the  minute  pebbles  of 
a  mosaic  gem. 

Such  is  the  mode  of  growth  of  Palms,  and  of  a  great  pro- 
portion of  arborescent  monocotyledons.  But  there  are  others 
in  which  this  is  in  some  measure  departed  from.  In  the 
common  asparagus  the  shoots  produce  a  niunber  of  lateral 
buds,  which  all  develope  and  influence  its  form,  as  the  buds  of 
dicotyledons ;  so  that  the  cylindrical  figure  of  monocotyle- 
dons is  exchanged  for  the  conical ;  its  internal  structure  is 
strictly  endogenous.  In  grasses  a  similar  conical  figure  pre- 
vails, and  for  the  same  reason  ;  but  they  have  this  additional 
peculiarity,  that  their  stem,  in  consequence  of  the  great  rapi- 
pidity  of  its  growth,  is  fistular,  with  transverse  phragmata  at 
its  nodes.  It  is  not  certain  whether  the  subsequent  internal 
growth  of  the  stem  is  ever  sufficient  to  fill  up  the  central 
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cavity ;  but,  from  a  specimen  of  a  bamboo  in  my  possession,  I 
incline  to  think  that  the  lower  part  of  grass  stems  does  some- 
times become  filled  up  with  solid  matter. 

Upon  one  or  other  of  the  two  plans  now  explained  are  all 
flowering  plants  developed ;  but  in  flowerless  plants  it  is  dif- 
ferent. In  arborescent  ferns  the  stem  consists  of  a  cylinder 
of  hard  smuous  plates,  connected  by  parenchyma,  and  sur- 
rounding an  axis  usually  hollow,  but  sometimes  filled  up  with 
solid  matter.  It  would  seem,  in  these  plants,  as  if  the  stem 
consisted  of  a  mere  adhesion  of  the  petioles  of  the  leaves  in  a 
single  row,  and  that  the  stem  simply  lengthens  at  the  point 
without  transmitting  woody  matter  downwards.  Some  valu- 
able observations  upon  this  point  have  been  made  by  Mohl, 
who  has,  however,  been  able  only  to  investigate  the  anatomi- 
cal condition  of  tree  fern  stems,  without  studying  their  mode 
of  growth.  LycopodiacesB  equally  increase  by  simple  addi- 
tion to  the  point ;  and  as  this  seems  also  to  be  the  plan  upon 
which  development  takes  place  in  other  cryptogamic  plants,  I 
have  proposed  the  term  Acrogens,  to  distinguish  the  latter 
fi*om  Exogens  and  Endogens. 
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CHAPTER  I. 


ELEMENTARY   ORGANS. 


The  general  properties  of  the  elementary  organs  are  elagticUy^ 
extensibilityjC07itractibilitt/f  and  permeability  to  fluids  or  gaseous 
matter.  The  first  gives  plants  the  power  of  bending  to  the 
breeze,  and  of  swaying  backwards  and  forwards  without  break- 
ing. The  second  enables  them  to  develope  with  great  rapidity 
when  it  is  necessary  for  them  to  do  so,  and  also  to  give  way  to 
pressiire  without  tearing.  The  third  causes  parts  that  have 
been  overstrained  to  recover  their  natural  dimensions  when 
the  straining  power  is  removed,  and  it  permits  the  mouths  of 
wounded  vessels  to  close  up  so  as  to  prevent  the  loss  of  their 
contents.  The  fourth  secures  the  free  communication  of  the 
fluids  through  every  part  of  a  plant  which  is  not  choked  up 
with  earthy  matter. 

The  special  properties  of  the  elementary  organs  must  be 
considered  separately. 

That  of  these  the  cellular  tissue  is  the  most  important 
is  apparent  by  its  being  the  only  one  of  the  elementary  organs 
that  is  uniformly  present  in  plants ;  and  by  its  being  the  chief 
constituent  of  all  those  compound  organs  that  are  most  essen- 
tial to  the  preservation  of  species. 

It  transmits  fluids  in  all  directions.  In  most  cellular  plants 
no  other  tissue  exists,  and  yet  in  them  a  circulation  of  sap  takes 
place ;  it  constitutes  the  whole  of  the  medullary  rays,  convey- 
ing the  elaborated  juices  from  the  bark  towards  the  centre  of 
the  stem;  all  the  parenchyma  in  which  the  sap  is  diffused 
upon  entering  the  leaf,  and  by  which  it  is  exposed  to  evapor- 
ation, light,  and  atmospheric  action,  consists  of  cellular  tissue ; 
nearly  all  the  bark  in  which  the  descending  current  of  the 
sap  takes  place  is  also  composed  of  it ;  and  in  endogenous 
plants,  where  no  bark  exists,  there  appears  to  be  no  other 
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route  that  the  decending  sap  can  take  than  through  the  cel- 
lular substance  in  which  the  vascular  system  is  imbedded. 
It  is,  therefore,  readily  permeable  to  fluid,  although  it  has  no 
visible  pores. 

In  all  cases  of  wounds,  or  even  of  the  developement  of  new 
parts,  cellular  tissue  is  first  generated:  for  example,  the 
granulations  that  form  at  the  extremity  of  a  cutting  when 
imbedded  in  earth,  or  on  the  lips  of  incisions  in  the  wood  or 
bark ;  the  extremities  of  young  roots ;  scales,  which  are  gene- 
rally the  conraiencement  of  leaves ;  pith,  which  is  the  first  part 
created  when  the  stem  shoots  up ;  nascent  stamens  and  pistils; 
ovules ;  and,  finally,  many  rudimentary  parts ;  —  all  these  are 
at  first,  or  constantly,  formed  of  cellular  tissue  alone. 

It  is  that  from  which  leaf  buds  are  generated.  These  organs 
always  appear  from  some  part  of  the  medullary  system ;  when 
adventitious,  firom  the  ends  of  the  medullary  rays  if  developed 
by  stems,  or  firom  the  parenchyma  if  aj^earing  upon  leaves. 

It  may  be  considered  the  flesh  of  vegetable  bodies:  the 
matter  which  surrounds  and  keeps  in  their  place  all  the  rami- 
fications or  divisions  of  the  vascular  system  is  cellular  tissue. 
In  it  the  plates  of  wood  of  exogenous  plants,  the  fibres  of 
endogenous  plants,  the  veins  of  leaves,  and,  indeed,  the  whole 
of  the  central  system  of  all  of  them,  are  either  imbedded  or 

enclosed. 

The  action  of  fertilization  appears  to  take  place  exclusively 

through  its  agency.  PoUen  is  only  cellular  tissue  in  a  parti- 
cular state;  when  it  bursts,  the  vivifying  particles  it  contains 
are  a  still  more  minute  state  of  the  same  tissue :  the  coats 
of  the  anther  are  composed  entirely  of  it;  and  the  tissue 
of  the  stigma,  through  which  fertilization  is  conveyed  to 
the  ovules,  is  merely  a  modification  of  the  cellular.  The 
ovules  themselves,  with  their  sacs,  at  the  time  they  receive  the 
vivifying  influence,  are  a  semitransparent  congeries  of  cellules. 
It  is,  finally,  the  tissue  in  which  alone  amylaceous  or  sa4> 
chorine  secretions  are  deposited.  These  occur  chiefly  in  tubers^ 
as  in  the  potato  and  arrow-root;  in  rhizomata,  as  in  the 
ginger ;  in  soft  stems,  such  as  those  of  the  sago-palm  and 
sugar-cane ;  in  albumen,  as  that  of  com ;  in  pith,  as  in  the 
Cassava ;  in  the  disk  of  the  flower,  as  in  Amygdalus ;  and| 
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finally,  in  the  bark,  as  in  all  exogenous  plants ;  and  cellular 
tissue  is  the  principal,  or  exclusive,  constituent  of  these. 

In  the  form  of  vasiform  tissue,  when  it  is  collected 
together  into  hollow  cylinders,  it  serves  for  the  rapid  trans- 
mission of  fluids  in  the  direction  of  the  stem ;  and  it  is  well 
worth  notice  that  the  size  of  the  tubes  of  vasiform  tissue  and 
their  abundance  are  usually  in  proportion  to  the  length  to 
which  the  fluid  has  to  be  conveyed.  Thus  in  the  Vine, 
Phytocrene,  the  common  cane,  and  such  plants,  the  vasiform 
tissue  is  unusually  large  and  abundant;  in  ordinary  trees 
much  less  so;  and  in  herbaceous  plants  it  hardly  exists. 
Vasiform  tissue  eventually  ceases  to  convey  fluid,  and  becomes 
filled  with  air. 

Woody  tissue  is  apparently  destined  for  the  conveyance 
of  fluid  upwards  or  downwards,  from  one  end  of  a  body 
to  another,  and  for  giving  firmness  and  elasticity  to  every 
part. 

That  it  is  intended  for  the  conveyance  of  fluid  in  particular 
channels  seems  to  be  proved,  —  1.  from  its  constituting  the 
principal  part  of  all  wood,  particularly  of  that  which  is  formed 
in  stems  the  last  in  each  year,  and  in  which  fluid  first  ascends 
in  the  ensuing  season ;  2.  from  its  presence  in  the  veins  of 
leaves  where  a  rapid  circulation  is  known  to  take  place,  form- 
ing in  those  plants  both  the  adducent  and  reducent  channels 
of  the  sap;  and,  3.  from  its  passing  downwards  from  the 
leaves  into  the  bark,  thus  forming  a  passage  through  which 
the  peculiar  secretions  may,  when  elaborated,  arrive  at  the 
stations  where  they  are  finally  to  be  deposited.  Knight  is 
clearly  of  opinion  that  it  conveys  fluid  either  upwards  or 
downwards ;  in  which  I  fully  concur  with  him :  the  power  of 
cuttings  to  grow  when  inverted  seems,  indeed,  a  conclusive 
proof  of  this.  Dutrochet,  however,  endeavours  to  prove  that 
it  merely  serves  for  a  downward  conveyance. 

With  regard  to  its  giving  ftrmness  and  elasticity  to  every 
part^  we  need  only  consider  its  surprising  tenacity,  as  evinced 
in  hemp,  flax,  and  the  like ;  and  its  constantly  surrounding 
and  protecting  the  ramifications  of  the  vascular  system,  which 
has  no  firmness  or  tenacity  itself.  To  this  evidence  might  be 
addedy   the  admirable  manner  in  which  it  is  combined  to 
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answer  such  an  end.  It  consists,  as  has  been  seen,  of  ex- 
tremely slender  tubes,  each  of  which  is  indeed  possessed  of 
but  a  slight  degree  of  strength;  but  being  of  different  lengths, 
tapering  to  each  extremity,  and  overlapping  each  other 
in  various  degrees,  these  are  consolidated  into  a  mass  that 
considerable  force  is  insufficient  to  break.  Any  one,  who  will 
examine  a  single  thread  of  the  finest  flax  with  a  microscope 
that  magnifies  180  times,  will  find,  that  that  which  to  the  eye 
appears  a  single  thread,  is  in  reality  composed  of  a  great  num- 
ber of  distinct  tubes. 

It  b  also  the  tissue  firom  which  roots  are  emitted.  Unlike 
the  leaf-buds,  roots  are  always  prolongations  of  the  woody  tissue 
of  the  stem,  as  may  be  readily  seen  by  tracing  a  young  root 
to  its  origin. 

The  real  nature  of  the  fiinctions  of  the  vascular,  system  has 
been  the  subject  of  great  difference  of  opinion.  Spiral  vessels 
have  been  most  commonly  supposed  to  be  destined  for  the 
conveyance  of  air ;  and  it  seems  difficult  to  conceive  how  any 
one  accustomed  to  anatomical  observations,  and  who  has 
remarked  their  dark  appearance  when  lying  in  water,  can 
doubt  that  fact.  Nevertheless,  many  others,  and  among  them 
Dutrochet,  assert  that  they  serve  for  the  transmission  of  fluids 
upwards  fi-om  the  roots.  This  observer  states,  that  if  the  end 
of  a  branch  be  immersed  in  coloured  fluid,  it  will  ascend  in 
both  the  spiral  vessels  and  vasiform  tissue ;  but  that  in  the 
former  it  will  only  rise  up  to  the  level  of  the  fluid  in  which 
the  branch  is  inmiersed,  while,  through  the  latter,  it  will 
travel  into  the  extremities  of  the  branches.  It  has,  however, 
been  asked  with  much  justice,  how  the  opinion  that  spiral 
vessels  are  the  sap-vessels  is  to  be  reconciled  with  the  fact  of 
tlieir  non-existence  in  multitudes  of  plants  in  which  the  sap 
circulates  freely  ?  To  which  might  have  been,  or  perhaps  has 
been,  added  the  questions,  why  they  do  not  exist  in  the  wood, 
where  a  movement  of  sap  chiefly  takes  place  in  exogenous 
trees  ?  and  also,  how  it  happens  that  their  existence  is  almost 
constantly  connected  with  the  presence  of  sexes,  if  they  are 
only  sap-vessels  ?  And  further,  it  has  always  been  remarked, 
that  if  a  tranverse  section  of  a  vine,  for  instance,  or  any  other 
plant,  be  put  under  water,  bubbles  of  air  rise  through  the 
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water  from  the  mouths  of  the  spural  vessels.  But  then,  it  has 
been  iirged,  that  coloured  fluids  manifestly  rise  in  the  spiral 
vessels ;  a  statement  that  has  been  admitted  when  the  spiral 
vessels  are  wounded  at  the  part  plunged  in  the  colouring  fluid, 
but  denied  in  other  circumstances.  Indeed,  to  any  observer 
acquainted  with  the  difficulty  of  microscopic  investigations, 
the  obscurity  that  practically  surrounds  a  question  of  this  sort 
must  be  apparent  enough. 

The  subject  has,  however,  been  investigated  with  much 
care  by  Bischoff*,  who  instituted  some  very  delicate  and  in- 
genious experiments,  for  the  purpose  of  determining  the  real 
contents  and  office  of  the  spiral  vessels.  It  is  impossible  to 
find  room  here  for  a  detailed  account  of  his  experiments,  for 
which  the  reader  is  referred  to  his  thesis,  De  vera  Vasorum 
Plantarum  Spiralium  structura  et  functions  Commentatio : 
Bonnae,  1829.  It  must  be  sufficient  to  state,  that,  by  accu- 
rate chemical  tests,  by  the  most  careful  purification  of  the 
water  employed  from  all  presence  of  air,  and  by  separating 
bundles  of  the  spiral  vessels  of  the  gourd  (Cucurbita  Pepo)j 
and  of  some  other  plants  from  the  accompanying  cellular 
substance,  he  came  to  the  following  conclusions,  which,  if  not 
exactly,  are  probably  substantially,  correct :  —  "  That  plants, 
like  all  other  living  bodies,  require,  for  the  support  of  their 
vital  functions,  a  free  communication  with  air ;  and  that  it  is 
more  especially  oxygen,  which,  when  absorbed  by  the  roots 
Srom  the  soil,  renders  the  crude  fluid  fit  for  the  nourishment 
and  support  of  a  plant,  just  as  blood  is  rendered  fit  for  that 
of  animals.  But,  for  this  purpose,  it  is  not  sufficient  that  the 
external  surface  should  be  surrounded  by  the  atmosphere; 
other  aeriferous  organs  are  provided,  in  the  form  of  spiral 
vessels,  which  are  placed  internally,  and  convey  air  contain- 
ing an  unusual  proportion  of  oxygen,  which  is  obtained  through 
the  root,  by  their  own  vital  force,  from  the  earth  and  water. 
In  a  hundred  parts  of  this  air  twenty-seven  to  thirty  parts  are 
of  oxygen,  which  is  in  part  lost  during  the  day  by  the  sur&ce 
of  plants  under  the  direct  influence  of  the  solar  rays." 

With  such  evidence  of  the  aeriferous  functions  of  the  spiral 
vessels  it  b  difficult  to  contend ;  and,  indeed,  it  seems  pro- 
bable that  this  question  is  settled  as  far  as  spiral  vessels^  pro- 
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perly  so  called,  are  concerned.  Whether  or  not  ducts  have  a 
different  function  is  uncertain ;  it  is  probable,  however,  from 
the  extreme  thinness  of  their  sides,  that  they  are  really  filled 
with  fluid  when  full  grown,  whatever  may  have  been  the  case 
when  they  were  first  generated. 

In  regard  to  the  functions  of  air-cells  and  lacunas,  it  may 
be  sufficient  to  remark,  that  in  all  cases  in  which  they  form  a 
part  of  the  vital  system,  as  in  water  plants,  they  are  cavities 
r^ularly  built  up  of  cellular  tissue,  and  uniform  in  figure  in 
the  same  species ;  while,  on  the  other  hand,  where  they  are 
not  essential  to  vitality,  as  in  the  pith  of  the  walnut,  the  rice- 
paper  jdant,  the  stems  of  Umbelliferae,  and  the  like,  they  are 
ragged,  irregular  distensions  of  the  tissue. 

In  the  former  case  they  are  intended  to  enable  plants  to 
float  in  water ;  in  the  latter,  they  are  caused  by  the  growth  of 
one  part  more  rapidly  than  another. 
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CHAPTER  II. 


OF    THE    ROOT* 


It  is  the  business  of  the  root  to  absorb  nutriment  from  the 
soil,  and  to  transmit  it  upwards  into  the  stem  and  leaves ;  and 
also  to  fix  the  plant  firmly  in  the  earth.  Although  moisture  is, 
no  doubt,  absorbed  by  the  leaves  and  bark  of  all,  and  by  the 
stems  of  many  plants,  yet  it  is  certain  Uiat  the  greater  part  of 
the  food  of  plants  is  taken  up  by  the  roots ;  which,  hence,  are 
not  incorrectly  considered  vegetable  mouths. 

But  it  is  not  by  the  whole  surface  of  the  root  diat  the 
absorption  of  nutriment  takes  place ;  it  is  the  spongioles 
almost  exclusively  to  which  that  oflSce  is  confided :  and  hence 
their  immense  importance  in  vegetable  economy,  the  absolute 
necessity  of  preserving  them  in  transplantation,  and  the  certain 
death  that  often  follows  their  destruction.  This  has  been 
proved  in  the  following  manner,  by  Senebier :  —  He  took  a 
radish,  and  placed  it  in  such  a  position  that  the  extremity 
only  of  the  root  was  plunged  in  water :  it  remained  fresh 
several  days.  He  Uien  bent  back  the  root,  so  that  its  extremity 
was  curved  up  to  the  leaves :  he  plunged  the  bent  part  in 
water,  and  the  plant  withered  soon;  but  it  recovered  its 
former  freshness  upon  relaxing  the  curvature,  and  again 
plunging  the  extremity  of  the  root  into  the  water. 

This  explains  why  forest  trees,  with  very  dense  umbrageous 
heads,  do  not  perish  of  drought  in  hot  summers  or  dry  situa^ 
tions,  when  the  earth  often  becomes  mere  dust  for  a  consider- 
able distance  from  their  trunk,  in  consequence  of  their  foliage 
turning  off  the  rain :  the  fact  is  obviously  that  the  roots  near 
the  stem  are  inactive,  and  have  little  or  nothing  to  do  as  pre- 
servatives of  life  except  by  acting  as  conduits,  while  the  func- 
tions of  absorption  go  on  through  the  spongioles,  which,  being 
at  the  extremities  of  the  roots,  are  placed  beyond  the  influence 
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of  the  shadow,  and  extend  wherever  moisture  is  to  be  found. 
This  property  prevents  a  plant  from  exhausting  the  earth  in 
which  it  grows ;  for,  as  the  roots  are  always  spreading  further 
and  further  from  the  main  stem,  they  are  continually  entering 
new  soil,  the  nutritious  properties  of  which  are  unexhausted. 

It  b  generally  believed  that  roots  increase  ordy  by  their 
extremities,  and  that,  once  formed,  they  never  undergo  any 
subsequent  elongation.  This  was  first  noticed  by  Du  Hamel, 
who  passed  fine  silver  threads  through  young  roots  at  differ- 
ent distances,  marking  on  a  glass  vessel  corresponding  points 
with  some  varnish :  all  the  threads,  except  those  that  were 
within  two  or  three  lines  of  the  extremity,  always  continued 
to  answer  to  the  dots  of  varnish  on  the  glass  vessel,  although 
the  root  itself  increased  considerably  in  length.  Variations  in 
this  experiment,  which  has  also  been  repeated  in  another 
way  by  Knight,  produced  the  same  result,  and  the  whole 
phenomenon  appears  to  be  one  of  those  beautifiil  evidences  of 
design  which  are  so  common  in  the  Vegetable  Kingdom.  If 
plants  growing  in  a  medium  of  unequal  resistance  lengthened 
by  an  extension  of  their  whole  surface,  the  nature  of  the  me- 
dium in  which  they  grow  would  be  in  most  cases  such  as  the 
mere  force  of  their  elongation  would  be  unable  to  overcome, 
and  the  consequence  would  be  that  they  would  have  a 
twisted,  knotted,  unequal  form,  which  would  be  eminently 
unfavourable  to  the  rapid  transmission  of  fluid,  which  is  their 
peculiar  office.  Lengthening,  however,  only  at  the  extremi- 
ties, and  this  by  the  continual  formation  of  new  matter  at  their 
advancing  point,  they  insinuate  themselves  with  the  greatest 
facility  between  the  crevices  of  the  soil ;  once  insinuated, 
the  force  of  horizontal  expansion  speedily  enlarges  the  cavity ; 
and  if  they  encounter  any  obstacle  which  is  absolutely  insur-  ^ 
mountable,  they  simply  stop,  cease  growing  in  that  particular 
direction,  and  follow  the  surface  of  the  opposing  matter,  till 
they  again  find  themselves  in  a  soft  medium. 

It  is  curious,  however,  to  remark  that,  although  this  proper- 
ty of  lengthening  only  by  the  ends  of  their  roots  seems  constant 
in  most  plants,  yet  that  it  is  not  impossible  that  it  may  be 
confined  to  roots  growing  in  a  resisting  medium.  From  the 
following  experiments  it  will  be  seen  that  in  Orchideee  the 
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root  elongates  independently  of  its  extremity: — On  the 
5th  of  August  I  tied  threads  tightly  round  the  root  of  a 
Vanilla,  so  that  it  was  divided  into  three  spaces,  of  which  one 
was  7  inches  long ;  another  4  inches ;  and  the  third,  which 
was  the  free-growing  extremity,  If  inch.  On  the  19th  of 
September  the  first  space  measured  7^  inches;  the  second,  4f 
inches;  and  the  third  or  growing  extremity,  2|^  inches.  A  root 
of  Aerides  comutum  was,  on  the  5th  of  August,  divided  by 
ligatures  into  spaces,  of  which  the  first  measured  1  foot 
3  inches;  the  second,  2^  inches;  the  third,  3^  inches;  and  the 
fourth,  or  growing  end,  1^  inch.  On  the  19th  of  September, 
the  first  space  measured  1  foot  3^  inches;  the  second,  2| 
inches ;  the  third,  3|  inches ;  and  the  fourth,  4}  inches. 

Occasionally  roots  appear  destined  to  act  as  reservoirs  of 
nutriment  on  which  those  of  the  succeeding  year  may  feed 
when  first  developed,  as  is  the  case  in  the  Orchis,  the  Dahlia, 
and  others.  But  it  must  be  remarked,  that  the  popular  no- 
tion extends  this  circumstance  far  beyond  its  real  limits,  by 
including  among  roots  bulbs,  tubers,  and  other  forms  of  stem 
in  a  succulent  state. 

By  some  botanists,  and  among  them  by  De  Candolle,  it 
has  been  thought  that  roots  are  developed  firom  special  organs, 
which  are  to  them  what  leaf-buds  are  to  branches ;  and  this 
function  has  been  assigned  to  those  little  glandular  swellings 
so  common  on  the  willow,  called  lenticular  glands  by  Guettard, 
and  lenticettes  by  De  Candolle. 

According  to  Knight,  the  energies  of  a  variety  artificially 
produced  exist  longer  in  the  system  of  the  root  than  in  that 
of  the  stem ;  so  that  it  is  more  advisable  to  propagate  old 
varieties  of  firuit  trees  from  cuttings  of  the  root  than  from  those 
of  the  stem. 

The  roots  not  only  absorb  fluid  from  the  soil,  but  they 
return  a  portion  of  their  peculiar  secretions  back  again  into 
it ;  as  has  been  found  by  Brugmans,  who  ascertained  that 
the  Pansy  exuded  an  acid  fluid  from  its  spongioles ;  and  by 
others,  who  found  that  various  Euphorbiaceous  and  Cichorace- 
ous  plants  form  little  knobs  at  the  extremity  of  their  roots. 
Recently  more  important  enquiries  into  this  subject  have 
been  made  by  Macaire,  who,  in  a  paper  in  the  Transactions 
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of  the  Physical  Society  of  Geneva,  has  given  an  account  of 
his  important  experiments,  of  which  the  following  is  an 
abstract  ;-«-He  found  that  Chondrilla  muralis,  and  Cichorace- 
ous  plants  in  general,  secreted  a  matter  analogous  to  opium; 
Leguminous  plants,  a  substance  similar  to  gum,  with  a  little 
carbonate  of  lime ;  Grasses,  a  minute  quantity  of  matter  con- 
sisting of  alcaline  and  earthy  muriates  and  carbonates,  with 
very  little  gum ;  Papaveraceous  plants,  a  matter  analogous  to 
opium ;  and  Euphorbias,  a  whitish  yellow  gum,  and  resinous 
matter  of  an  acrid  taste. 

He  also  found  that  plants  actually  possess  the  power  of 
freeing  themselves  from  matter  that  is  deleterious  to  them, 
by  means  of  their  roots.  Acetate  of  lead  is  a  well-known  active 
vegetable  poison ;  he  took  two  bottles,  one  of  which,  A,  was 
filled  with  pure  water,  and  the  other,  B,  with  water  holding 
acetate  of  lead  in  solution.  He  placed  a  plant  of  Mercurialis 
annua  with  half  its  roots  plunged  in  A,  and  the  other  half 
in  B.  After  a  short  time  the  water  in  the  bottle  A 
contained  a  notable  proportion  of  acetate  of  lead,  which  must 
have  been  carried  into  the  system  by  the  roots  in  bottle  B, 
and  thrown  off  again  by  those  in  bottle  A.  He  also  states 
that  various  plants  which  had  lain  several  days  in  water 
charged  with  lime,  or  acetate  of  lead,  or  nitrate  of  silver,  or 
common  salt,  in  small  quantity,  having  been  carefully  washed 
and  placed  in  pure  water,  gave  back  from  their  roots  the 
deleterious  matter  they  had  absorbed. 

It  is  difficult  to  speculate  upon  the  results  to  which  this  cu- 
rious discovery  may  lead.  It  is  in  all  probability  an  explanation 
of  the  necesssity  of  the  rotation  of  crops,  of  the  action 
of  what  are  called  weeds,  of  the  utility  of  changing  the  earth 
of  plants  growing  in  pots,  and  of  other  phenomena  which  could 
not  previously  be  accounted  for.  It  requires,  however,  a 
great  deal  of  ulterior  examination ;  but  as  the  enquiry  has 
been  taken  up  by  Dr.  Daubeny,  the  learned  Professor  of 
Botany  and  Chemistry  at  Oxford,  at  the  instance  of  the 
British  Association,  it  is  not  to  be  doubted  that  a  few  years 
will  throw  much  additional  light  upon  the  subject 
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CHAPTER  III. 

OF   THE    STEM    AND   THE    ORIGIN    OF   WOOD, 

The  general  purpose  of  the  stem  is  to  bear  the  leaves  and 
and  Other  appendages  of  tlie  axis  aloft  in  the  air,  so  that  they 
maybe  freely  exposed  to  light  and  atmospheric  action;  to  convey 
fluids  from  the  root  upwards,  and  from  above  downwards; 
and,  if  woody,  to  store  up  a  certain  portion  of  the  secretions 
of  the  species  either  in  the  bark  or  in  the  heartwood. 

Various  notions  have  from  time  to  time  been  entertained 
about  the  pith.  The  functions  of  brain,  lungs,  stomach, 
nerves,  spinal  marrow,  have  by  turns  been  ascribed  to  it. 
Some  have  thought  it  the  seat  of  fecundity,  and  have  believed 
that  fruit  trees  deprived  of  pith  became  sterile;  others  sup- 
posed that  it  was  the  origin  of  all  growth ;  and  another  class 
of  writers,  we  cannot  say  observers,  have  declared  that  it  was 
the  channel  of  the  ascent  of  sap.  It  is,  however,  no  part  of 
the  plan  of  this  work  to  refute  these  and  similar  exploded 
speculations. 

It  is  probable  that  its  real  and  only  use  is  to  serve  in  the 
infancy  of  a  plant  for  the  reception  of  the  sap,  upon  which 
the  young  and  tender  vessels  that  surround  it  are  to  feed 
when  they  are  fu-st  formed ;  a  time  when  they  have  no  other 
means  of  support.  Dutrochet  considers  it  to  act  not  only  as 
a  reservoir  of  nutriment  for  the  young  leaves,  but  also  to  be 
the  place  in  which  the  globules,  which  he  calls  nervous  cor- 
puscles, are  formed  out  of  the  elaborated  sap.  (U Agent 
Immediate  &c.,  p.  44,  &c.) ;  and  Braschet  imagines  it  and  its 
processes  to  constitute  the  nervous  system  of  plants. 

The  MEDULLARY  SHEATH  sccms  to  perform  a  most  import- 
ant part  in  the  economy  of  plants ;  it  diverges  from  tlie  pith 
whenever  a  leaf  is  produced ;  and,  passing  through  the  petiole, 
ramifies   among   the   cellular  tissue  of  the  blade,  where  it 
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appears  as  veins :  hence  veins  are  always  composed  of  bundles 
of  woody  tissue  and  spiral  vessels.  Thus  situated,  the  veins 
are  in  the  most  favourable  position  that  can  be  imagined  for 
absorbing  the  fluid  that,  in  the  first  instance,  is  conducted  to 
the  young  pith,  and  that  is  subsequently  impelled  upwards 
through  the  woody  fibre.  So  essential  is  the  medullary 
sheath  to  vegetation  in  the  early  age  of  a  branchy  that,  as  is 
well  known,  although  the  pith  and  the  bark,  and  even  the 
young  wood  may  be  destroyed,  without  the  life  of  a  young 
shoot  being  much  affected ;  yet,  if  the  medullary  sheath  be 
cut  through,  the  pith,  bark,  or  wood  being  left,  the  part  above 
the  wound  will  perish.  It  may  be  supposed,  considering  the 
large  proportion  of  oxygen  it  contains,  that  its  office  is  to 
convey  that  gas  to  parts  inaccessible  to  the  external  air,  and, 
parting  with  it  to  the  carbon  of  such  parts,  to  cause  the  pro- 
duction of  carbonic  acid,  without  a  power  of  composing  and 
decomposing  which  no  part  exposed  to  light  can  long  exist. 

The  BARK  acts  as  a  protection  to  the  young  and  tender 
wood^  guarding  it  from  cold  and  external  accidents.  It  is 
also  the  medium  in  which  the  proper  juices  of  the  plant  in  their 
descent  from  the  leaves  are  finally  elaborated,  and  brought  to 
the  state  which  is.  peculiar  to  the  species.  It  is  from  the 
bark  that  they  are  horizontally  communicated  to  the  medullary 
rays,  by  them  to  be  deposited  in  the  tissue  of  the  wood. 
Hence,  the  character  of  timber  is  almost  wholly  dependent 
upon  the  influence  of  the  bark,  as  is  apparent  from  a  vertical 
section  of  a  grafted  tree,  through  the  line  of  union  of  the 
stock  and  scion.  This  line  will  be  found  so  exactly  drawn 
that  the  limits  of  the  two  are  determined  in  the  oldest  spe- 
cimens as  accvirately  as  if  they  were  fixed  by  rule  and  line : 
the  woody  tissue  will  be  found  uninterruptedly  continuous 
through  the  one  into  the  other,  and  the  bark  of  the  two 
indissolubly  united ;  but  the  medullary  rays  emanating  from 
the  bark  of  each  will  be  seen  to  remain  as  different  as  they 
were  at  the  time  when  the  stock  and  scion  were  distinct  indi- 
viduals. It  is  remarkable  that  the  bark  has  only  a  limited 
power  of  iiQpelling  secreted  matter  into  the  medullary  rays ; 
and  tliat  there  are  certain  substances  which,  although  abundant 
in  bark,  are  never  found  elsewhere;  as,  for  instance,  gum 
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in  a  cherry  tree.  This  substance  eidsts  in  the  wood  in  so 
slight  a  degree  as  probably  not  to  exceed  in  quantity  what  is 
to  be  found  in  most  plants,  whether  they  are  obyiously  gum- 
miferous  or  not.  Are  we  from  this  to  infer  that  the  medullary 
rays  have  a  power  of  rejecting  certain  substances  ?  or,  that 
their  tissue  is  impermeable  to  fluids  of  a  particular  degree  of 
density?  or,  that  they  only  take  up  what  settles  down  the 
bark  through  its  cellular  system,  and  that  gum,  descending  by 
the  woody  system  exclusively,  is  not  in  that  kind  of  contact 
with  the  medullary  rays  which  is  required  to  enable  the  latter 
to  take  it  up  ? 

As  the  bark,  when  young,  is  green  like  the  leaves,  and  as 
the  latter  are  manifestly  a  mere  dilatation  of  the  former,  it  is 
highly  probable,  as  Knight  believes,  that  the  bark  exercises 
an  influence  upon  the  fluids  deposited  in  it  wholly  analogous 
to  that  exercised  by  the  leaves,  which  will  be  hereafter  explained. 
Hence  it  has  been  named,  with  much  truth,  the  universal  leaf 
of  a  vegetable. 

The  business  of  the  medullary  rays  is,  no  doubt,  exdu- 
sively  to  maintain  a  communication  between  the  bark,  in  which 
the  secretions  receive  their  final  elaboration,  and  the  centre  of 
the  trunk,  in  which  they  are  at  last  deposited.  This  is  apparent 
from  tangentail  sections  of  dicotyledonous  wood  manifesting 
an  evident  exudation  of  liquid  matter  from  the  wounded  me- 
dullary rays,  although  no  such  exudation  is  elsewhere  visible. 
In  endogenous  plants,  in  which  there  appears  no  necessity  for 
maintaining  a  communication  between  the  centre  and  circum- 
ference, there  are  no  medullary  rays.  These  rays  also  serve 
to  bind  firmly  together  the  whole  of  the  internal  and  external 
parts  of  a  stem,  and  they  give  the  peculiar  character  by  which 
the  wood  of  neighbouring  species  may  be  distinguished.  If 
plants  had  no  medullary  rays,  their  wood  would  probably  be, 
in  nearly  allied  species,  undistinguishable ;  for  we  are  scarcely 
aware  of  any  appreciable  diflerence  in  the  appearance  of 
woody  or  vascular  tissue ;  but  the  medullary  rays,  differing  in 
abundance,  in  size,  and  in  other  respects,  impress  characters 
upon  the  wood  which  are  extremely  marked.  Thus,  in  the 
cultivated  cherry,  the  plates  of  the  medullary  rays  are  very 
thin,  the  adhesions  of  them  to  the  bark  are  very  slight,  and 
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hence  a  section  of  the  wood  of  that  plant  has  a  pale,  smooth, 
homogeneous  appearance ;  but  in  the  wild  cherry  the  medullary 
plates  are  much  thicker,  they  adhere  to  the  bark  by  deep 
broad  spaces,  and  are  arranged  with  great  irregularity,  so  that 
a  section  of  the  wood  of  that  variety  has  a  deeper  colour,  and 
a  twistedt  knotty,  very  uneven  appearance. 

In  Quercos  sessiliflora  the  medullary  rays  are  thin,  and  m 
distant  from  eadi  other  that  the  plates  of  wood  between  them 
do  not  readily  break  laterally  into  each  other,  if  a  wedge  is 
driven  into  the  end  of  the  trunk  in  the  direction  of  its  cleav«>> 
age :  on  die  contrary,  the  medullary  rays  of  Quercus  pedun- 
culata  are  hard,  and  so  close  together  that  the  wood  may  be 
rent  longitudinally  without  difficulty ;  hence  the  wood  of  the 
latter  is  the  only  kind  that  is  fit  for  application  to  park* 
paling. 

A&  the  medullary  rays  develope  in  a  horizontal  direction 
only,  when  two  trees  in  which  they  are  different  are  grafted 
or  budded  tc^ther,  the  wood  of  the  stock  wiU  continue  to 
pre8a:Te  its  own  peculiarity  of  grain,  notwij^tanding  its 
being  formed  by  the  woody  matter  sent  dowA  by  the  scion ; 
for  it  is  the  horizontal  development  that  gives  its  character 
to  the  grain,  and  not  the  perpendicular  4Jt>res  which  are 
incased  in  it. 

The  WOOD  is  at  once  the  support  of  all  the  deciduous  organs 
of  respiration,  digestion,  and  fertilisation,  the  deposit  of  the 
secretions  peculiar  to  individual  species,  and  also  the  reservoir 
from  which  newly  forming  parts  derive  their  sustenance  until 
they  can  establish  a  communication  with  the  soil. 

Regarding  the  precise  manner  in  which  it  is  created,  there 
has  been  great  diversity  of  opinion.  Linnaeus  thought  it  was 
produced  by  the  pith ;  Grew,  that  the  liber  and  wood  were 
deposited  at  the  same  time  in  a  single  mass  which  aflerwards 
divided  in  two,  the  one  half  adhering  to  the  centre,  the  other 
to  the  circumference ;  Malpighi  conceived  that  the  wood  of 
one  year  was  produced  by  an  alteration  of  the  liber  of  the 
previous  season.  Duhamel  believed  that  it  was  deposited  by 
the  secretion  already  spoken  of  as  existing  between  the  bark 
and  wood,  and  called  cambium :  he  was  of  opinion  that  this 
cambium  was  formed  in  the  bark  and  became  converted  into 
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both  cellular  and  woody  tissue ;  and  he  demonstrated  tbe 
fallacy  of  those  theories  according  to  which  new  wood  is 
produced  by  tlie  wood  of  a  preceding  year.  He  removed  a 
portion  of  bark  from  a  plum  tree ;  he  replaced  tliis  with  a 
similar  portion  of  a  peach  tree,  having  a  bud  upon  it.  In  a 
short  time  a  union  took  place  between  the  two.  After  wait- 
ing a  sufficient  time  to  allow  for  the  formation  of  new  wood,  he 
examined  the  point  of  junction,  and  found  that  a  thin  layer  of 
wood  had  been  formed  by  .the  peach  bud,  but  none  by  the 
wood  of  the  plum,  to  which  it  had  been  tightly  applied. 
Hence  he  concluded  that  albumiun  derives  its  origin  £romthe 
bark,  and  not  from  the  wood.  A  variety  of  similar  experi- 
ments was  instituted  with  the  s£une  object  in  view,  and  diey 
were  followed  by  similar  results.  Among  others,  a  plate  of 
silver  was  inserted  between  the  bark  and  the  wood  of  a  tree 
at  the  beginning  of  the  growing  season.  It  was  said,  that  if 
new  wood  was  formed  by  old  wood,  it  would  be  subsequently 
found  pushed  outwards,  and  continuing  to  occupy  the  aame 
situation ;  but  that  if  new  wood  was  deposited  by  the  bark, 
the  silver  plate  would  in  time  be  found  buried  beneath  new 
layers  of  wood.  In  course  of  time  the  plate  was  examined, 
and  was  found  inclosed  in  wood. 

Hence  the  question  as  to  the  origin  of  the  wood  seemed 
settled ;  and  there  is  no  doubt  that  the  experiments  of  Du- 
hamel  are  perfectly  accurate  and  satisfactory  as  &r  as  they 
go.  It  soon,  however,  appeared  that,  although  they  certainly 
proved  that  new  wood  is  not  produced  by  old  wood,  it  was 
not  equally  clear  that  it  originated  from  tlie  bark.  Accord- 
ingly a  new  set  of  experiments  was  instituted  by  Kni^t, 
for  the  purpose  of  throwing  a  still  clearer  light  upon  the  pro- 
duction of  tlie  wood.  Having  removed  a  ring  of  bark  from 
above  and  below  a  portion  of  the  bark  furnished  with  a  lea( 
he  remarked  that  no  increase  took  place  in  the  wood 
above  tlie  leaf,  while  a  sensible  augmentation  was  observable 
in  the  wood  below  the  leaf.  It  was  also  found  that  if  the 
upper  part  of  a  branch  is  deprived  of  leaves,  the  branch  will 
die  down  to  the  point  where  leaves  have  been  left,  and  below 
that  will  flourish.  Hence  an  inference  is  drawn  that  the 
wood  is  not  formed  out  of  the  bark  as  a  mere  deposit  from  it; 
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but  that  it  is  produced  from  matter  elaborated  in  the  leaves 
and  sent  downwards — either  through  the  vessels  of  the  inner 
bark,  along  with  the  matter  for  forming  the  liber  by  which 
it  is  subsequently  parted  with ;  or  that  it  and  the  liber  are 
transmitted  distinct  from  one  another,  the  one  adhering  to  the 
alburnum,  the  other  to  the  bark.  I  know  of  no  proof  of  the 
former  supposition;  of  the  latter  there  is  every  reason  to 
believe  the  truth.  Knight  is  of  opinion  that  two  distinct 
sets  of  vessels  are  sent  down,  one  belonging  to  the  liber,  the 
other  to  the  alburnum ;  and  if  a  branch  of  any  young  tree, 
the  wood  of  which  is  formed  quickly,  be  examined  when  it  is 
first  bursting  into  leaf,  these  two  sets  may  be  distinctly  seen 
and  traced.  Take,  for  instance,  a  branch  of  Ulac  in  the  be- 
ginning of  April  and  strip  off  its  bark:  the  new  wood  will  be 
distinctly  seen  to  have  passed  downwards  from  the  base  of 
each  leaf^  diverging  from  its  perpendicular  course,  so  as  to 
avoid  the  bundle  of  vessels  passing  into  the  leaf  beneath  it; 
and  if  the  junction  of  a  new  branch  with  that  of  the  previous 
year  be  examined,  it  will  be  found  that  all  the  fibres  of  wood 
already  seen  proceeding  from  the  base  of  the  leaves,  having 
arrived  at  this  point,  have  not  stopped  there,  but  have  passed 
rapidly  downwards,  adding  to  the  branch  an  even  layer  of 
fibrous  matter  or  young  wood ;  and  turning  off  at  every  pro- 
jection which  impedes  them,  just  as  the  water  of  a  steady  but 
rapid  current  would  be  diverted  from  its  course  by  obstacles 
in  its  stream.  Again,  in  Guaiacum  wood,  the  descending 
fibres  cross  and  interlace  each  other  in  a  manner  that  is  totally 
inexplicable  upon  the  supposition  of  wood  being  formed  by 
the  mere  deposit  of  secreted  matter.  If  the  new  wood  were  a 
mere  deposit  of  the  bark,  the  latter,  as  it  is  applied  to  every 
part  of  the  old  wood,  would  deposit  the  new  wood  equally 
over  the  whole  surface  of  the  latter,  and  the  deviation  of  the 
fibres  from  obstacles  in  their  downward  course  could  not 
occur.  This,  therefore,  in  my  mind,  places  the  question  as 
to  the  origin  of  the  wood  beyond  all  ftirther  doubt.  Or,  if 
further  evidence  were  required,  it  would  be  furnished  by  a 
case  adduced  by  Achille  Richard,  who  states  that  he  saw,  in 
the  possession  of  Du  Petit  Thouars,  a  branch  of  Robinia 
Pseudacacia  on  which  R.  hispida  had  been  grafted.  The  stock 
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had  died;  but  the  scion  had  continued  to  grow,  and  had 
emitted  from  its  base  a  sort  of  plaster  formed  of  very  distinct 
fibres,  which  surrounded  the  extremity  of  the  stock  to  some 
distance,  forming  a  kind  of  sheath ;  and  thus  demonstrating 
incontestably  that  fibres  do  descend  from  the  base  of  the  scion 
to  overlay  the  stock.  The  singular  mode  of  growth  in  Pan- 
danus  is  equally  instructive.  In  that  plant  the  stem  next  the 
ground  is  extremely  slender,  Jl  little  higher  up  it  is  thicker 
and  emits  aerial  roots  which  seek  the  soil  and  act  as  stays  upon 
the  centre.  As  the  stem  increases  in  height  it  also  increases 
notably  in  diameter,  continuing  to  throw  out  aerial  roots.  As 
it  really  grows,  the  stem,  if  the  roots  were  pruned  away,  would 
be  an  inverted  cone ;  but  if  we  add  to  the.  actual  thickness  of 
the  base  of  the  stem  the  cap^pity  of  the  aerial  roots  at  that 
part,  the  two  together  will  be  about  equal  to  the  capacity  of 
the  stem  at  the  apex;  showing  that,  unless  the  roots  descend 
among  the  wood,  the  stem  will  not  increase  in  diameter. 

Mirbel,  who  formerly  advocated  the  doctrine  of  wood  being 
deposited  by  bark,  has,  with  the  candour  of.  a  man  of  real 
science,  fairly  admitted  the  opinion  to  be  no Jonger tenable; 
and  he  has  suggested  in  its  room  that  wood  and  bark  are  in- 
dependent formations,  — which  is  no  doubt  true,  —  but,  he 
adds,  created  out  of  cambium,  in  wliich  it  is  impossible  to 
concur ;  for  this  reason.     All  the  writers  hitherto  mentioned 
or  adverted  to  have  considered  the  formation  of  wood  only 
with  reference  to  exogenous  trees,  and  to  such  only  of  them  as 
are  the  common  forest  plants  of  Europe.     Had  they  taken 
into  account  exotic  trees  or  any  endogenous  plants,  they  would 
have  seen  that  none  of  their  theories  could  possibly  iqpply  to 
the  formation  of  wood  in  that  tribe.     In  many  exogenous 
plants  of  tropical  countries,  wood  is  not  deposited  in  r^ular 
circles  all  round  the  axis,  but  only  on  one  side  of  the  stem,  or 
along  certain  lines  upon  it :  were  it  a  deposit  from  the  bark, 
or  a  metamorphosis  of  cambium,  it  would  necessarily  be 
deposited  with  some  kind  of  uniformity.     In  endogenous  trees 
there  is  no  cambium,  and  yet  wood  is  formed  in.abundance; 
and  the  new  wood  is  created  in  the  centre,  and  not  in  the 
circumference :  so  that  bark  can  have,  in  such  cases,  nothing 
whatever  to  do  with  the  creation  of  wood. 
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No  doubt  aware  of  most  of  the  diflSculties  in  the  way  of 
the  common  theories  of  the  formation  of  wood,  Du  Petit 
Thoiiars,  an  ingenious  French  physiologist,  who  had  possessed 
opportnmties  of  examining  the  growth  of  vegetation  in  tro- 
ficel   countries,  constructed  a    theory,   which,  although  in 
many  points  similar  to  the  one  proposed,  but  not  proved,  by 
his  countryman,  De  la  Hire,  is  nevertheless,  from  the  facts 
and  illustrations  skilfully  brought  by  the  French  philosopher 
to  his  aid,  to  be  considered  legitimately  as  his  own.     The 
attention  of  Du  Petit  Thouars  appears  to  have  been  first 
especially  called  to  the  real  origin  of  wood  by  having  re- 
marked, in  the  Isle  of  France,  that  the  branches  which  are 
emitted  by  the  truncheons  of  Dracaena  (with  which  hedges 
are  farmed  in  that  colony)  root  between  the  rind  and  old 
wood,  forming  rays  of  which  the  axis  of  the  new  shoot  is  the 
centre.     These  rays  surround  the  old  stem ;  the  lower  ones 
at  once  elongate  greatly  towards  the  earth,  and  the  upper 
ones  gradually  acquire  the  same  direction ;  so  that  at  last,  as 
they  become  disentangled  from  each  other,  the  whole  of  them 
pass  downwards  to  the  soil.     Reflecting  upon  this   curious 
fact,  and  upon  a  multitude  of  others,  which  I  have  no  space 
to  detail,  he  arrived  at  the  conclusion,  that  it  is  not  merely 
in  the  property  of  increasing  the  species  that  buds  agree  with 
seeds,  but  that  they  emit  roots  in  like  manner ;  and  that  the 
wood  and  liber  are  both  formed  by  the  downward  descent  of 
bud-rooU,  at  first  nourished  by  the  moisture  of  the  cambium, 
and  finally  imbedded  in  the  cellular  tissue  which  is  the  result 
of  the  organisation  of  that  secretion.     That  first  tendency 
of  the  embryo,  when  it  has  disengaged  itself  from  the  seed, 
to  send  roots  downwards  and  a  stem  and  leaves  upwards,  and 
to  form  buds  in  the  axils  of  the  latter,   is  in  like  manner 
possessed  by  the  buds  themselves ;  so  that  plants  increase  in 
size  by  an  endless  repetition  of  the  same  phenomenon. 

Hence  a  plant  is  formed  of  multitudes  of  buds  or  fixed 
embryos,  each  of  which  has  an  independent  life  and  action  : 
by  its  elongation  upwards  forming  new  branches  and  con- 
tinuing itself,  and  by  its  elongation  downwards  forming  wood 
and  bark;  which  are  therefore,  in  Du  Petit  Thouars's  opinion, 
a  mass  of  roots. 
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This  opinion  would  probably  have  been  more  generally 
received  if  it  had  not  been  too  much  mixed  up  with  hypothe- 
tical statements,  to  the  reception  of  which  there  are  in  the 
minds  of  many  persons  strong  objections ;  as,  for  example,  that 
mentioned  in  the  last  paragraph.  But  it  is  remarkable  that 
the  antagonists  of  Du  Petit  Thouars  have  been  from  a  class 
of  naturalists  of  whom  it  may  be  said,  that  they  are  better 
known  in  consequence  of  the  celebrity  of  the  object  of  their 
attack  than  for  any  reputation  of  their  own.  To  this  how- 
ever, there  are  some  exceptions,  as,  for  instance,  Mirbel  and 
Desfontaines,  two  of  the  most  learned  botanists  of  France. 
The  theory,  nevertheless,  seems  the  only  one  that  is  adapted 
at  once  to  explain  the  real  cause  of  the  many  anomalous 
forms  of  exogenous  stems  which  must  be  &miliar  to  the  re- 
collection of  all  botanists,  and  that,  at  the  same  time,  is  equally 
applicable  to  the  exogenous  and  endogenous  modes  of  growth ; 
a  condition  which,  it  will  be  readily  admitted,  is  indispensable 
to  any  theory  of  the  formation  of  wood  that  may  be  proposed. 
It  also  offers  the  simplest  explanation  of  the  phenomena  that 
are  constantly  occuring  in  the  operations  of  gardening. 

The  most  important  of  the  objections  that  have  been  taken 
to  it  are  the  following :  —  If  wood  were  really  organised  matter 
emanating  from  the  leaves,  it  must  necessarily  happen  that  in 
grafted  plants  the  stock  would  in  time  acquire  the  nature  of 
the  scion,  because  its  wood  would  be  formed  entirely  by  the 
addition  of  new  matter,  said  to  be  furnished  by  the  leaves  of 
the  scion.  So  far  is  this,  however,  from  being  the  fact,  that  it 
is  well  known  that,  in  the  oldest  grafted  trees,  there  is  no 
action  whatever  exercised  by  the  scion  upon  the  stock,  but 
that,  on  the  contrary,  a  distinct  line  of  organic  demarcation 
separates  the  wood  of  one  from  the  other,  and  the  shoots 
emitted  from  the  stock,  by  wood  said  to  have  been  generated 
by  the  leaves  of  the  scion,  are  in  all  respects  of  the  nature  of 
the  stock.  Again  —  if  a  ring  of  bark  from  a  red-wooded 
tree  is  made  to  grow  in  the  room  of  a  similar  ring  of  bark  of 
a  white-wooded  tree,  as  it  easily  may  be  made,  the  trunk  will 
increase  in  diameter,  but  all  the  wood  beneath  the  ring  of 
red  bark  will  be  red,  although  it  must  have  originated  in  the 
leaves  of  the  tree  which  produces  white  wood.      It  is  further 
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urged,  that,  in  grafted  plants,  the  scion  often  overgrows  the 
stock,  increasing  much  the  more  rapidly  in  diameter,  or  that 
the  reverse  takes  place,  as  when  the  Pavia  lutea  is  grafted 
upon  the  common  horse-chestnut,  —  and  that  these  circum- 
stances are  inconsistent  with  the  supposition  that  the  wood  is 
organic  matter  engendered  by  leaves.  To  these  statements 
there  is  nothing  to  object  as  mere  facts,  for  they  are  true ; 
but  they  certainly  do  not  warrant  the  conclusions  that  have 
been  drawn  from  them.  One  most  important  point  is  over- 
looked by  those  who  employ  such  arguments,  namely,  that 
in  all  plants  there  are  two  distinct  simultaneous  Efystems  of 
growth,  the  cellular  and  the  fibro-vascular,  of  which  the  former 
is  horizontal,  and  tlie  latter  vertical.  The  cellular  gives 
origin  to  the  pith,  the  medullary  rays,  and  the  principal  part 
of  the  cortical  integument ;  the  fibro-vascular,  to  the  wood  and 
a  portion  of  the  bark ;  so  that  the  axis  of  a  plant  may  be  not 
inaptly  compared  to  a  piece  of  linen,  the  cellular  system  being 
the  woof,  the  fibro-vascular  the  warp.  It  has  also  been 
proved  by  Knight  and  De  CandoUe  that  buds  are  exclusively 
generated  by  the  cellular  system,  while  roots  are  evolved 
from  the  fibro-vascular  system.  Now,  if  these  facts  are  rightly 
considered,  they  will  be  found  to  offer  an  obvious  explanation 
of  the  phenomena  appealed  to  by  those  botanists  who  think 
that  wood  cannot  be  matter  generated  in  an  organic  state  by 
the  leaves.  The  character  of  wood  is  chiefly  owing  to  the 
colour,  quantity,  size,  and  distortions  of  the  medullary  rays,- 
which  belong  to  the  horizontal  system :  it  is  for  this  reason 
that  there  is  so  distinct  a  line  drawn  between  the  wood  of  the 
graft  and  stock ;  for  the  horizontal  systems  of  each  are  con- 
stantly pressing  together  with  nearly  equal  force,  and  imiting 
as  tlie  trunk  increases  in  diameter.  As  buds  from  which 
new  branches  elongate  are  generated  by  cellular  tissue,  they 
also  belong  to  the  horizontal  system :  and  hence  it  is  that  the 
stock  will  always  produce  branches  like  itself,  notwithstanding 
the  long  superposition  of  new  wood  which  has  been  taking 
place  in  it  from  the  scion. 

The  case  of  a  ring  of  red  bark  always  forming  red  wood 
beneath  it,  is  precisely  of  the  same  nature.  After  the  new 
bark  has  adhered  to  the  mouths  of  the  medullary  rays  of  the 
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Stock,  and  so  identified  itself  with  the  horizontal  system,  it  is 
gradually  pushed  outwards  by  the  descent  of  woody  matter 
from  above  through  it;  but  in  giving  way  it  is  constantly 
generating  red  matter  from  its  horizontal  system,  through 
which  the  wood  descends,  which  thus  acquires  a  colour  that 
does  not  properly  belong  to  it.  With  regard  to  the  instances 
of  grafts  overgrowing  their  stocks,  or  vice  versfi,  it  is  obvious, 
that  these  are  susceptible  of  explanation  on  the  same  principle. 
J£  the  horizontal  system  of  both  stock  and  scion  has  an  equal 
power  of  lateral  extension,  the  diameter  of  each  will  remain 
the  same;  but,  if  one  grows  more  rapidly  than  the  other, 
the  diameters  will  necessarily  be  different :  where  the  scion 
has  a  horizontal  system  that  developes  more  rapidly  than  that 
of  the  stock,  the  latter  will  be  the  smaller,  and  vice  versfi. 
It  is,  however,  to  be  observed,  that  in  these  cases  plants  are 
altogether  in  a  morbid  state,  and  will  not  live  for  any  consi- 
derable time. 

Another  case  was,  that  if  a  large  ring  of  bark  be  taken 
from  the  trunk  of  a  vigorous  elm  or  other  tree,  without  being 
replaced  with  any  thing,  new  beds  of  wood  will  be  foimd 
in  the  lower  as  well  as  upper  part  of  the  trunk;  while  no 
ligneous  production  will  appear  on  the  ring  of  wood  left  ex- 
posed by  the  removal  of  the  bark.  Now  this  is  so  directly  at 
variance  with  the  observations  of  others,  that  it  is  impossible 
to  receive  it  as  an  objection  imtil  its  truth  shall  have  been 
demonstrated.  It  is  well  known,  that  if  the  least  continuous 
portion  of  liber  be  left  upon  the  surface  of  a  wound  of  this 
kind,  that  portion  is  alone  sufficient  to  establish  the  communi- 
cation between  the  upper  and  lower  lips  of  the  wound ;  butf 
without  some  such  slight  channel  of  union,  it  is  contrary  to 
experience  that  the  part  of  a  trunk  below  an  annular  incision 
should  increase  by  the  addition  of  new  layers  of  wood  until 
the  lips  of  the  wound  are  imited,  unless  buds  exist  upon  the 
trunk  below  the  ring. 

Those  who  object  to  the  theory  of  wood  being  generated  by 
the  action  of  leaves,  either  suppose,  —  1st,  that  liber  is  deve- 
loped by  alburnum,  and  wood  by  liber  *  or,  2dly,  that  "  the 
woody  and  cortical  layers  originate  laterally  (torn  the  cambium 
furnished  by  pre-existing  layers,  and  nourished  by  the  descend- 
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ing  sap.  The  first  of  these  opinions  appears  to  be  that  of 
Turpin,  as  far  as  can  be  collected  from  a  long  memoir  upon 
the  grafting  of  plants  and  animals.  The  second  is  the  opinion 
commonly  entertained  in  France,  and  adopted  by  De  Ccuidolle 
in  his  latest  published  work. 

The  objections  to  the  views  of  Turpin  need  hardly  be 
stated.  Those  which  especially  bear  upon  the  view  taken  by 
De  Candolle  are,  that  his  theory  is  not  applicable  to  all  parts 
of  the  vegetable  kingdom,  but  to  exogenous  plants  only ;  that 
it  is  inconceivable  how  the  highly  organised  parallel  tubes  of 
the  wood,  which  can  be  traced  anatomically  from  the  leaves, 
and  which  are  formed  with  great  rapidity,  can  be  a  lateral 
deposit  from  the  liber  and  alburnum ;  that  they  are  manifestly 
formed  long  before  it  can  be  supposed  that  leaves  have 
commenced  their  office  of  elaborating  the  descending  sap ; 
and,  finally,  that  endogens  and  cryptogamic  plants,  in  which 
there  is  no  secretion  of  cambium,  nevertheless  have  wood. 

Such  is  the  state  of  this  subject  at  the  time  I  am  writing. 
To  use  the  words  of  De  Candolle,  "  The  whole  question  may 
be  reduced  to  this  —  Either  there  descend  from  the  top  of  a 
tree  the  rudiments  of  fibres,  which  are  nourished  and  deve- 
loped by  the  juices  springing  laterally  from  the  body  of  wood 
and  bark ;  or  new  layers  are  developed  by  pre-existing  layers, 
which  are  nourished  by  the  descending  juices  formed  in  the 
leaves." 

As  this  is  one  of  the  most  curious  points  remaining  to  be 
settled  among  botanists,  and  as  it  is  still  as  much  open  to 
discussion  as  ever,  I  have  dwelt  upon  it  at  an  unusual  length, 
in  the  hope  that  some  one  may  have  leisure  to  prosecute  the 
inquiry.  Perhaps  there  is  no  mode  of  proceeding  to  eluci- 
date it  which  would  be  more  likely  to  lead  to  positive  results, 
than  a  very  careful  anatomical  examination  of  the  progres- 
sive development  of  the  mangel  wurzel  root,  beginning  with 
its  dormant  embryo,  and  concluding  with  the  perfectly  formed 
plant. 
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CHAPTER  IV. 


OF   THE    LEAVES. 


Leaves  are  at  once  organs  of  respiration,  digestion,  and 
nutrition.  They  elaborate  the  crude  sap  impelled  into  them 
from  the  stem,  parting  with  its  water,  adding  to  it  carbon, 
and  exposing  the  whole  to  the  action  of  air ;  and  while  they 
supply  the  necessary  food  to  the  young  fibres  that  pass  down* 
wards  from  them  and  from  the  buds,  in  the  form  of  alburnum 
and  liber,  they  also  furnish  nutriment  to  all  the  parts  imme- 
diately above  and  beneath  them.  There  are  many  experiments 
to  show  that  such  is  the  purpose  of  the  leaves.  If  a  number 
of  rings  of  bark  are  separated  by  species  without  bark,  those 
which  have  leaves  upon  them  will  live  much  longer  than  those 
which  are  destitute  of  leaves.  If  leaves  are  stripped  from  a 
plant  before  the  fruit  has  commenced  ripening,  the  fruit  will 
fall  off  and  not  ripen.  If  a  branch  is  deprived  of  leaves  for  a 
whole  summer,  it  will  either  die  or  not  increase  in  size  per- 
ceptibly. The  presence  of  cotyledons,  or  seminal  leaves,  at  a 
time  when  no  other  leaves  have  been  formed  for  nourishing 
the  young  plant,  is  considered  a  further  proof  of  the  nutritive 
purposes  of  leaves :  if  the  cotyledons  are  cut  off,  the  seed  will 
either  not  vegetate  at  all,  or  slowly  and  with  great  difficulty ; 
and  if  they  are  injured  by  old  age,  or  any  other  circumstanoe, 
they  produce  a  languor  of  habit  which  only  ceases  with  the 
life  of  the  plant,  if  it  be  an  annual.  This  is  the  reason  why 
gardeners  prefer  old  melon  and  cucumber  seeds  to  new  ones : 
in  the  former  the  nutritive  power  of  the  seed-leaves  is  im- 
paired, the  young  plant  grows  slowly,  a  languid  circulation  is 
induced  from  the  beginning ;  by  which  excessive  luxuriance 
is  checked,  and  fruit  formed  rather  than  leaves  or  branches. 

Nothing  can  be  more  admirable  than  the  adaptation  of  leaves 
to  such  purposes  as  those  just  mentioned.   It  lias  been  already 
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shown,  in  speaking  of  the  anatomy  of  a  leaf,  that  in  most  cases 
it  consists  of  a  thin  plate  of  cellular  tissue  pierced  by  air 
vessels  and  woody  tissue,  and  inclosed  within  a  hollow  empty 
stratum  of  cells  forming  cuticle.  Beneath  the  upper  cuticle 
the  component  bladders  of  the  cellular  tissue  are  compactly  ar- 
ranged perpendicular  to  the  plane  of  the  cuticle,  and  have 
but  a  small  quantity  of  air-cavities  among  them.  Beneath 
the  lower  cuticle  the  bladders  are  loosely  arranged  parallel 
with  the  cuticle,  and  are  full  of  air  chambers  communicating 
with  the  stomates.  The  cuticle  prevents  too  rapid  an  evapor- 
ation beneath  the  solar  rays,  and  thickens  when  it  is  especially 
necessary  to  control  evaporation  more  powerfully  than  usual ; 
thus  in  the  Oleander,  which  has  to  exist  beneath  the  fervid  sun  of 
Barbary,  in  a  parched  country,  the  cuticle  is  composed  of  not 
less  than  three  layers  of  thick-sided  cuticle.  To  furnish  leaves 
with  the  means  of  parting  with  superfluous  moisture,  at  periods 
when  the  cuticle  offers  too  much  resistance,  there  are  stomates 
which  act  like  valves,  and  open  to  permit  its  passage :  or  when, 
in  dry  weather,  the  stem  does  not  supply  fluid  in  sufficient 
quantity  from  the  soil  for  the  nourishment  of  the  leaves,  these 
same  stomates  open  themselves  at  night,  and  allow  the 
entrance  of  atmospheric  moisture,  closing  when  the  cavities  of 
the  leaf  are  full.  In  submersed  leaves,  in  which  no  variation 
can  take  place  in  the  condition  of  the  medium  in  which  they 
float,  both  cuticle  and  stomates  would  be  useless,  and  accord- 
ingly neither  exists.  For  the  purpose  of  exposing  the  fluids 
contained  in  the  leaves  to  the  influence  of  the  air,  the  cuticle 
would  frequently  ofler  an  insufficient  degree  of  surface.  In 
order,  therefore,  to  increase  the  quantity  of  surface  that  is 
exposed,  the  tissue  of  the  leaf  is  cavernous,  each  stomate 
opening  into  a  cavity  beneath  it,  which  is  connected  with 
multitudes  of  intercellular  passages.  But,  as  too  much  fluid 
might  be  lost  by  evaporation  in  parts  exposed  to  the  sun,  we 
find  that  the  cells  of  the  upper  stratum  of  parenchyma  only 
expose  their  ends  to  the  cuticle,  and  interpose  a  barrier 
between  the  direct  rays  of  the  sun  and  the  more  lax  respiring 
portion  forming  the  under  stratimi.  It  is  not  improbable, 
moreover,  that  those  cells  which  form  the  upper  stratum  per- 
form a  function  analogous  to  that  of  the  stomach  in  animals, 
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digesting  the  crude  matter  they  receive  from  the  stem,  and 
that  the  lower  stratum  takes  up  the  matter  so  altered  and 
submits  it  to  the  action  of  the  atmosphere,  which  must  enter 
the  leaf  purely  by  means  of  the  stomates.  Nor  are  the 
stomates  and  the  cavernous  parench}ana  of  the  leaf  the  only 
means  provided  for  the  regulation  of  its  functions.  Hairs,  no 
doubt,  perform  no  mean  office  in  their  economy.  In  some 
cases  these  processes  seem  destined  only  for  protection  against 
cold,  as  in  those  plants  in  which  they  only  clothe  the  buds 
and  youngest  leaves,  &lling  away  as  soon  as  the  tender  parl^ 
have  become  hardened ;  but  it  can  hardly  be  doubted  that  in 
many  others  they  are  absorbent  organs,  intended  to  collect 
humidity  from  the  atmosphere.  In  succulent  plants,  or  in  such 
as  grow  naturally  in  shady  places,  where  moisture  already 
exists  in  abundance,  they  are  usually  wanting;  but  in  hot^ 
dry,  exposed  places,  where  it  is  necessary  that  the  leaf  should 
avail  itself  of  every  means  of  collecting  its  food,  there  they 
abound,  lifting  up  their  points  and  separating  at  the  i^proach 
of  the  evening  dews,  but  again  falling  down,  and  forming  a 
layer  of  minute  cavities  above  the  cuticle,  as  soon  as  the  beat 
of  the  sun  begins  to  be  perceived. 

Whether  or  not  leaves  have  the  power  of  absorbing  atmo-^ 
spheric  fluid,  independently  of  their  hairs,  is  a  matter  of  doubt. 
By  some  it  is  believed  that  they  do  possess  such  a  power,  and 
that  absorption  takes  place  indifierently  by  either  the 
upper  or  under  surface  of  the  leaf,  but  that  some  plants  absorb 
more  powerfully  by  one  surface  than  by  the  other.  Bonnet 
found  that,  while  the  leaves  of  Arum,  the  kidney4)ean,  the 
lilac,  the  cabbage,  and  others,  retained  their  verdure  equally 
long  whichever  side  was  deprived  of  the  power  of  absorption, 
the  Plantago,  some  Verbascums,  the  marvel  of  Peru,  and 
others,  lost  their  life  soonest  when  the  upper  surface  was 
prevented  from  absorbing;  and  that,  in  a  number  of  trees  and 
shrubs,  the  leaves  were  killed  very  quickly  by  preventing 
absorption  by  the  hioer  surface.  But  others  contend  that 
Bonnet's  experiments  merely  produced  a  hindrance  of  evapor^ 
ation  in  some  cases,  and  of  respiration  in  others ;  and  that 
leaves  have,  in  &ct,  no  power  of  attracting  fluid.  In  proof  .of 
this  it  is  urged  that,  if  leaves  are  made  to  float  on  coloured  in- 
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fiisions,  no  colouring  matter  enters  them*  Considering,  how- 
ever, the  thinness  of  the  cuticle  of  many  plants,  and  the  great 
permeability  of  vegetable  membrane  in  general,  it  can  hardly 
be  doubted  that  they  do  possess  the  power  of  absorption  that 
Bonnet  contends  for.  This  seems  to  be  further  proved  by 
the  respective  effects  obviously  produced  upon  plants  by  a 
shower  of  rain  in  the  summer,  or  by  syringing  the  jading 
plants  in  a  hothouse. 

Leaves  usually  are  so  placed  upon  the  stem  that  their  upper 
suriace  is  turned  towards  the  heavens,  their  lower  towards  the 
earth ;  but  this  position  varies  occasionally.  In  some  plants 
they  are  imbricated,  so  as  to  be  almost  parallel  with  the  stem ; 
in  others  they  are  deflexed  till  the  lower  surface  becomes 
almost  parallel  with  the  stem,  and  the  upper  surface  is  far  re- 
moved from  opposition  to  the  heavens.  A  few  plants,  more- 
over, invert  the  usual  position  of  the  leaves  by  twisting  the 
petiole  half  round,  so  that  either  the  two  margins  become 
opposed  to  earth  and  sky,  or  the  lower  surface  becomes  up- 
permost 2  this  b  especially  the  case  with  plants  bearing  phyl- 
lodia,  or  spurious  leaves. 

At  night  a  phenomenon  occurs  in  plants  which  is  called 
their  sleep :  it  consists  in  the  leaves  folding  up  and  drooping, 
as  those  of  the  sensitive  plant  when  touched.  This  scarcely 
happens  perceptibly  except  in  compound  leaves,  in  which  the 
leaflets  are  articulated  with  the  petiole,  and  the  petiole  with 
the  stem :  it  is  supposed  to  be  caused  by  the  absence  of  light, 
and  will  be  farther  spoken  of  under  the  head  of  irritability. 

Afler  the  leaves  have  performed  their  functions,  they  fall 
off:  this  happens  at  extremely  unequal  periods  in  different 
species.  In  some  they  all  wither  and  fall  off  by  the  end  of  a 
single  season;  in  others,  as  the  beech  and  hornbeam,  they 
wither  in  the  autumn,  but  do  not  fall  off  till  the  succeeding 
spring ;  and,  in  a  third  class,  they  neither  wither  nor  fall  off 
the  first  season,  but  retain  their  verdure  during  the  winter, 
and  till  long  after  the  commencement  of  another  year's 
growth :  these  are  our  evergreens.  Mirbel  distinguishes 
leaves  into  three  kinds,  as  characterised  by  their  periods  of 
falling: — 
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1.  Fugacious  or  caducous^  which  fall  shortly  after  their 
appearance ;  as  in  Cactus. 

2.  Deciduous  or  anntud,  which  fall  off  in  the  autumn ;  as 
the  Apple. 

3.  Persistent^  evergreen^  or  perennial^  which  remain  perfect 
upon  the  plant  beyond  a  single  season ;  as  Holly,  Common 
Laurel,  &c. 

With  regard  to  the  cause  of  the  fall  of  the  leaf  a  number 
of  explanations  have  been  given,  which  may  be  found  in 
WiUdenoufs  Principles  of  Botany^  p.  336.  There  is,  however^ 
only  two  that  are  much  worth  recording ;  those  of  Du  Petit 
Thouars  and  De  Candolle. 

If  you  will  watch  the  progress  of  a  tree, — of  the  elder  for 
example, — says  the  former  writer,  you  will  perceive  that  the 
lowest  leaves  upon  the  branches  fall  long  before  those  at  the 
extremities.  The  cause  of  this  may  be,  perhaps,  explained 
upon  the  following  principle:  —  In  the  first  instance,  the  base 
of  every  leaf  reposes  upon  the  pith  of  the  branch,  to  the  sheath 
of  which  it  is  attached.  But,  as  the  branch  increases  in 
diameter  by  the  acquisition  of  new  wood,  the  space  between 
the  base  of  the  leaf  and  the  pith  becomes  sensibly  augmented. 
It  has,  therefore,  been  necessary  that  the  fibres  by  which  the 
leaf  is  connected  with  the  pith  should  lengthen,  in  order  to 
admit  the  deposition  of  wood  between  the  bark  and  the  pith. 
Now  how  does  this  elongation  take  place  ?  As  the  bundles 
of  fibres  which  run  from  the  pith  into  the  leaf-stalk  are  at  first 
composed  only  of  spiral  vessels,  it  is  easy  to  conceive  that  they 
may  be  susceptible  of  elongation  by  unrolling.  And  in  this 
seems  to  lie  the  mystery  of  the  fall  of  the  leaf;  for  the  moment 
will  come  when  the  spiral  vessels  are  entirely  unrolled,  and 
incapable  of  any  further  elongation  :  they  will,  therefore,  by 
the  force  of  vegetation,  be  stretched  untill  they  snap,  when 
the  necessary  communication  between  the  branch  and  the  leaf 
is  destroyed,  and  the  latter  falls  off. 

De  Candolle  explains  this  matter  otherwise.  The  increase 
of  leaves,  he  says,  whether  in  length  or  in  breadth,  generally 
attains  its  term  with  sufficient  rapidity ;  the  leaf  exercises 
its  functions  for  a  while,  and  enjoys  the  plenitude  of  its  exist- 
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ence;  but,  by  degrees,  in  consequence  of  exhaling  perfectly 
pure  water,  and  preserving  in  its  tissue  the  earthy  matters 
which  the  sap  had  carried  there,  the  vessels  harden  and  their 
pores  are  obstructed.  This  time  in  general  arrives  the 
more  rapidly  as  evaporation  is  more  active:  thus  we  find 
the  leaves  of  herbaceous  plants,  or  of  trees  which  evaporate 
a  great  deal,  fall  before  the  end  of  the  year  in  which  they 
were  bom;  while  those  of  succulent  plants,  or  of  trees 
with  a  hard  and  leathery  texture,  which,  for  one  cause  or  an- 
other, evaporate  but  little,  often  last  several  years.  We  may, 
therefore,  in  general  say  that  the  duration  of  life  in  leaves  is 
in  inverse  proportion  to  the  force  of  their  evaporation. 
When  this  time  has  arrived,  the  leaf  gradually  dries  up,  and 
finishes  by  dying :  but  the  death  of  the  leaf  ought  not  to  be 
confounded  with  its  &11 ;  for  these  two  phenomena,  although 
fi-equendy  confounded,  are  in  reality  very  difiPerent.  All 
leaves  die  some  time  or  other;  but  some  are  gradually  de- 
stroyed by  exterior  accidents,  without  falling ;  while  others  fall, 
separating  firom  the  stem  at  their  base,  and  fidl  at  once, 
either  already  dead,  or  dying,  or  simply  unhealthy. 

It  is  probable  that  both  these  explanations  are  required  to 
understand  the  phenomena  of  the  fall  of  the  leaf,  and  that  it 
is  neither  the  rupture  of  the  spiral  vessels,  nor  the  choking 
up  the  other  kind  of  tissue,  separately,  which  produce  it,  but 
the  two  combined;  the  one  acting  principally  in  some  cases, 
and  the  other  in  others. 
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OF   THE   BRACTS  AND    FLORAL   ENVELOPES. DISENGAGEMENT 

OF   CALORIC. 

The  bracts,  when  but  slightly  removed  from  the  colour  and 
form  of  leaves,  no  doubt  perform  functions  similar  to  those  of 
the  latter  organs ;  and  when  coloured  and  petaloid,  it  may  be 
presumed  that  they  perform  the  same  office  as  the  corolla. 
Nothing,  therefore,  need  be  said  of  them  sep€a*ately. 

With  regard  to  the  calyx,  corolla,  and  disk,  I  shall 
chiefly  follow  Dunal's  statements  in  his  ingenious  pamphlet, 
Sur  les  Fanctians  des  Orffonesjloraux  color fs  et  ghnduleux.  4to* 
Paris,  1829. 

The  calyx  seems,  when  green,  to  perform  the  functions  of 
leaves,  jmd  to  serve  as  a  protection  to  the  petals  and  sexual 
organs ;  when  coloured,  its  office  is  undoubtedly  the  same  as 
that  of  the  corolla. 

The  common  notion  of  the  use  of  the  corolla  is,  that,  inde- 
pendently of  its  ornamental  appearance,  it  is  a  protection  to 
the  organs  of  fertilisation :  but,  if  it  is  considered  that  the 
stamens  and  pistils  have  often  acquired  consistence  enough  to 
be  able  to  dispense  with  protection  before  the  petals  are  enough 
developed  to  defend  them,  it  will  become  more  probable  that 
the  protecting  property  of  the  petals,  if  any,  is  of  secondary 
importance  only. 

Among  the  many  speculations  to  which  those  interesting 
ornaments  have  given  birth  is  one,  that  the  petals  and  disk 
are  the  agents  of  a  secretion  which  is  destined  to  the  nutrition 
of  the  anthers  and  young  ovules.  These  parts  are  formed  in 
the  flower-bud  long  before  they  are  finally  called  into  action ; 
in  the  almond,  for  example,  they  are  visible  some  time  before 
the  spring,  beneath  whose  influence  they  are  destined  to  ex- 
pand.   In  that  planti  just  before  the  opening  of  the  flower. 
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the  petals  are  folded  up;  the  glandular  disk  that  lines  the 
tube  of  the  calyx  is  dry  and  scentless ;  and  its  colour  is  at 
tliat  time  dull,  like  the  petals  at  the  same  period.  But,  as 
soon  as  the  atmospheric  air  comes  in  direct  contact  with 
these  parts,  the  petals  expand  and  turn  out  of  the  calyx,  the 
disk  enlarges,  and  the  aspect  of  both  organs  is  altered.  Their 
compact  tissue  gradually  acquires  its  fiill  colour  and  velvety 
sur&ce ;  the  sur&ce  of  the  disk,  which  before  was  dry,  becomes 
lubricated  by  a  thick  liquid,  exhaling  that  smell  of  honey  which 
is  so  well  known.  At  this  time  the  stamens  perform  their 
officew  No  sooner  is  that  effected  than  they  wither,  the  petals 
shrivel  and  fall  away,  the  secretion  from  the  disk  gradually 
dries  up^  and,  in  the  end,  the  disk  perishes  along  with  the 
other  organs  to  which  it  appertained.  If  the  disk  of  an 
ahnond  flower  be  lNX)ken  before  expansion,  it  will  be  seen  that 
the  fractured  surface  has  the  same  appearance  as  that  of  those 
parts  which  in  certain  plants  contain  a  large  quantity  of  fisecula, 
as  the  tubers  of  the  potato,  Cyperus  esculentus,  &c.  This 
led  Dunal  to  suspect  that  the  young  disks  also  contained 
fiecula:  which  he  afterwards  ascertained,  by  experiment,  to 
be  the  fact  in  the  spadix  of  Arum  italicum  before  the  de- 
hiscence of  the  anthers;  but,  subsequently  to  their  bursting,  no 
trace  of  faecula  could  be  discovered.  Hence  he  inferred  that 
the  action  of  the  air  upon  the  humid  faecula  ^of  the  disk  had 
the  effect  of  converting  it  into  a  saccharine  matter  fit  for  the 
nutrition  of  the  pollen  and  young  ovules ;  just  as  the  faecula  of 
the  albumen  is  converted  in  germination  into  nutritive  matter 
for  the  support  of  the  embrya 

In  support  of  this  hjrpothesis  Dunal  remarks,  that  the 
conditions  requisite  for  germination  are  analogous  to  those 
which  cause  the  expansion  of  a  flower.  The  latter  opens  only 
in  a  temperature  above  32^  Fahr.,  that  of  10°  to  30**  centig. 
(50**  to  86®  Fahr.)  being  the  most  &vourable;  it  requires  a 
considerable  supply  of  ascending  sap,  without  the  watery  parts 
of  which  it  cannot  open ;  and,  thirdly,  flowers,  even  in  aquatic 
plants,  will  not  develope  in  media  deprived  of  oxygen. 

Thus  the  conditions  required  for  germination  and  for 
flowering  are  the  same:  the  phenomena  are  in  both  cases 
also  very  similar. 
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When  a  germinating  seed  has  acquired  the  necessary 
degree  of  heat  and  moisture,  it  abstracts  from  the  air  a  por^ 
tion  of  its  oxygen,  and  gives  out  an  equal  quantity  of  carbonic 
acid  gas ;  but,  as  one  volume  of  the  latter  gas  equals  one 
volume  of  oxygen,  it  is  evident  that  the  seed  is,  in  this  way, 
deprived  of  a  part  of  its  carbon.  Some  changes  take  place  in 
the  albumen  and  cotyledons;  and,  finally,  the  faecula  that 
they  contained  is  replaced  by  saccharine  matter.  In  like 
manner  a  flower,  while  expanding,  robs  the  air  of  oxygen,  and 
gives  out  an  equal  volume  of  carbonic  acid ;  and  a  sugary 
matter  is  also  formed,  apparently  at  the  expense  of  the  faecula 
of  the  disk  or  petals. 

The  quantity  of  oxygen  converted  into  carbonic  acid  in 
germination  is,  ctBteris  paribus^  in  proportion  to  the  weight  of 
die  seed ;  but  some  seeds  absorb  more  than  others.  Theodore 
de  Saussure  has  shown  that  exactly  the  same  phenomenon 
occurs  in  flowers. 

Heat  is  a  consequence  of  germination ;  the  temperature  is 
also  augmented  during  flowering,  as  has  been  proved  by 
Theodore  de  Saussure  in  the  Arum,  the  gourd,  the  Bignonia 
radicans,  Polyanthes  tuberosa,  and  others. 

The  greater  part  of  the  saccharine  matter  produced  during 
germination  is  absorbed  by  the  radicle,  and  transmitted  to  the 
first  bud  of  the  young  plant.  Dunal  is  of  opinion  that  the 
sugar  of  the  nectary  and  petals  is  in  like  manner  conveyed 
to  the  anthers  and  young  ovules,  and  that  the  free  liquid 
honey  which'  exists  in  such  abundance  in  many  flowers,  is  a 
secretion  of  superabundant  fluid ;  it  can  be  taken  away,  as  is 
well  known,  without  injury  to  the  flower. 

This  opinion  will  probably  be  considered  the  better  founded, 
if  it  can  be  shown  that  the  disengagement  of  caloric  and  de- 
struction of  oxygen  are  in  direct  relation  to  the  developement 
of  the  glandular  disk,  and  also  are  most  considerable  at  the 
time  when  the  functions  of  the  anthers  are  most  actively 
performed. 

In  no  plants,  perhaps,  is  the  glandular  disk  more  developed 
than  in  Arums ;  and  it  is  here  that  the  most  remarkable  degree 
of  developement  of  caloric  has  been  observed.  Senebier  found 
that  the  bulb  of  a  thermometer,  applied  to  the  sur&ce  of  the 
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spadix  of  Arum  maculatum,  indicated  a  temperature  7^  higher 
than  that  of  the  external  air.  Hubert  remarked  this  in  a 
still  more  striking  degree  upon  Arum  cordifolium  at  the 
Isle  of  France.  A  thermometer  placed  in  the  centre  of  five 
spadixes  stood  at  111°,  and  in  the  centre  of  twelve  at  121°, 
although  the  temperature  of  the  external  air  was  only  66®. 
The  greatest  degree  of  heat  in  these  experiments  was  at  sun- 
rise. The  same  observer  found  that  tlie  male  parts  of  six 
spadixes,  deprived  of  their  glandular  part,  raised  the  tem- 
perature only  to  105°;  and  the  same  number  of  female  spa- 
dixes only  to  86°;  and,  finally,  that  the  heat  was  whoUy 
destroyed  by  preventing  the  spadix  from  coming  in  contact 
with  the  air. 

Similar  observations  were  made  by  others  with  correspond- 
ing results ;  but,  nevertheles,  as  many  persons  attempted  in 
vain  to  witness  the  phenomenon,  it  began  to  be  doubted, 
especially  after  Treviranus  added  his  authority  to  that  of  those 
who  doubted  the  existence  of  any  disengagement  of  heat.  The 
truth  of  the  statement  of  Saussure  and  others  has  lately,  how- 
ever, been  placed  beyond  all  further  doubt,  by  the  experiments 
of  Adolphe  Brongniart  upon  Colocasia  odora.  (Nouv,  Ann.  du 
Museum^  vol.  iii.)  From  the  period  of  the  expansion  of  the 
spathe,  he  applied  to  the  middle  of  the  spadix  a  very  delicate 
and  small  thermometer,  which  he  fixed  to  its  place  by  a  piece 
of  flannel  rolled  several  times  round  it  and  the  spadix,  so  that 
the  bulb  of  the  thermometer  touched  the  spadix  on  one  side; 
on  all  others  was  protected  by  the  flannel  from  contact  with 
the  air.  All  this  little  apparatus  covered  so  small  a  portion 
of  the  spadix,  that  it  was  left  in  its  place  without  interfering 
with  the  functions  of  that  part.  On  the  13th  March,  the 
spathe  not  being  open,  the  flower  difiused,  notwithstanding,  a 
fragrant  smeU.  On  the  14th,  it  was  open,  and  the  odour  was 
much  increased.  The  emission  of  pollen  took  place  on  the 
16th,  between  8  and  10  a.m.,  and  continued  till  the  18th.  On 
the  19th  the  flower  began  to  fade.  From  the  14th  to  the 
19th  the  temperature  increased  daily,  during  the  night  and  in 
the  morning  falling  back  to  nearly  that  of  the  surrounding  air. 
The  maximum  of  elevation  of  temperature  above  that  of  the 
atmosphere  occurred,  — 
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The  14th,  at  3  p.m.     4°  5  centigrade 

15th,       4  P.M.  10° 

16th,       5  P.M.  10°  2 

17th,       5  p.m.  ir 

18th,      11a.m.     8°  2 

19th,      10  A.M.     2°  5 
These  maxima  might  be  almost  comp€a*ed  to  the  access  of 
an  intermittent  fever. 

That  these  phenomena  should  not  be  observed  in  ordinary 
cases,  is  no  proof  that  they  do  not  also  occur;  for  it  is  easy  to 
comprehend  that,  when  flowers  are  freely  exposed  to  the  ex* 
temal  air,  the  small  amount  of  caloric  which  any  one  may 
give  off  will  be  instantly  dispersed  in  the  surrounding  air 
before  the  most  delicate  instrument  can  be  sensible  of  it ;  and 
that  it  is  in  those  cases  only  of  large  quantities  of  flowers  col- 
lected within  a  hollow  case,  like  a  spathe,  which  prevents  the 
heat  escaping  when  evolved,  that  we  can  hope  to  measure  it 

From  experiments  of  Saussure,  it  seems  certain  that  the  dis- 
engagement of  heat,  and,  consequently,  destruction  of  oxygen, 
is  chiefly  caused  by  the  action  of  the  anthers,  or  at  least  of 
the  organs  of  fecundation,  as  appears  from  the  fiillowing 
table :  — 


Names. 

Duration 

of  the 

Experiment 

Oxygen  destroyed 

1 

By  the  bud. 

By  the 
flower  dur- 
ing its  ex- 
pansion. 

By  the 
flower  ID 
withering. 

Passiflora  serntifolia 
Hibiscus  speciosus 
Cucurbita  maxima, 

male  flower    - 
Arum  italicumyspadix 

cold    -      -      - 

12  hours. 
24 

24 

24 

6  times  its  vol. 
6 

7,4 

5  to  6 

12 

8,7 

12 
30 

7 
7 

10 
5 

■_^^.^i^  94  Vimim  iiAi^r 

It  was  also  found  that  flowers  in  which  the  stamens,  disky 
pistil,  and  receptacle  only  were  left,  consumed  more  oxygen 
than  those  that  had  floral  envelopes,  as  is  shown  by  the  fol- 
lowing table :  — 
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Species. 

Duration 

of  the 

Experiment. 

Oxygen  destroyed. 

■ 

By  the  flowers  entire. 

By  the  usual  organs 
only. 

Cbeiranthus  incanus 
Tropsolum  majus     - 
Cucurbita  maxima, 

male 
Hypericum  calycinum 
Hibiscus  speciosus 
Cobsea  scandens 

24  hours. 
24 

10 
24 
12 
24 

1 1  *5  times  their  vol. 
8-5 

7*6 
7-5 
5-4 
6-5 

18     times  their  voL 
16-3 

160 
8-5 
6-3 

7-5 

And  it  is  here  to  be  noticed,  that  those  whose  sexual  ap- 
paratus destroyed  the  most  oxygen  have  the  greatest  quantity 
of  disk,  and  vice  versd;  with  the  exception  of  Cobssa  scandens, 
in  which  the  disk  is  very  firm  and  persistent,  and  probably, 
therefore,  acts  very  slowly. 

When  the  cup-shaped  disk  of  the  male  flowers  of  the 
gourd  was  separated  from  the  anthers,  the  latter  only  con- 
sumed 11*7  times  their  volume  of  oxygen  in  the  same  space  of 
time  which  was  sufficient  for  the  destruction  of  sixteen  times 
their  volume  when  the  disk  remained.  The  spathe  of  Arum 
maculatum  consumed,  in  twenty-four  hours,  five  times  its 
volume  of  oxygen ;  the  termination  of  the  spadix  thirty  times ; 
the  sexual  apparatus  132  times,  in  the  same  space  of  time. 

An  entire  Arum  dracunculus,  in  twenty-four  hours,  de- 
stroyed thirteen  times  its  volume  of  oxygen ;  without  its  spathe 
fifty-seven  times;  cut  into  four  pieces,  its  spathe  destroyed 
half  its  volume  of  oxygen ;  the  terminal  appendix  twenty-six 
times;  the  male  organs  135  times ;  the  female  organs  ten  times. 

The  same  ingenious  observer  also  ascertained  that  double 
flowers,  that  is  to  say  those  whose  petals  replace  sexual 
organs,  vitiate  the  air  much  less  than  single  flowers,  in  which 
the  sexual  organs  are  perfect 

Is  it  not  then,  concludes  Dunal,  probable  that  the  conse- 
quence of  all  these  phenomena  is  the  elaboration  of  a  matter 
destined  to  the  nutriment  of  the  sexual  organs?  since  the 
production  of  heat  and  the  destruction  of  oxygen  are  in  direct 
relation  to  the  abundance  of  glandular  surface,  and  since  these 
phenomena  arrive  at  their  maximum  of  intensity  at  the  exact 
period  when  the  anthers  are  most  developed,  and  the  sexual 
organs  in  the  greatest  state  of  activity. 
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CHAPTER  VI. 

FERTILISATION. HYBRID    PLANTS. 

Having  already,  in  the  last  chapter,  explained  the  separate 
action  of  the  stamens  and  pistils,  I  shall  now  confine  myself 
to  the  consideration  of  their  physical  effect  upon  each  other. 

The  duty  of  the  stamens  is  to  produce  the  matter  called 
pollen,  which  has  the  power  of  fertilising  the  pistil  through 
its  stigma.  The  stamens  are,  therefore,  the  representatives  in 
plants  of  the  male  sex,  the  pistil  of  the  female  sex. 

The  old  philosophers,  in  tracing  analogies  between  plants  and 
animals,  were  led  to  attribute  sexes  to  the  former,  chiefly  in 
consequence  of  the  practice  among  their  countrymen  of 
artificially  fertilising  the  female  flowers  of  the  date  with 
those  which  they  considered  male,  and  also  from  the  existence 
of  a  similar  custom  with  regard  to  .figs.  This  opinion, 
however,  was  not  accompanied  by  any  distinct  idea  of  the 
respective  functions  of  particular  organs,  as  is  evident  from 
their  confounding  causes  so  essentially  different  as  fertilisation 
and  caprification ;  nor  was  it  generally  applied,  although  Pliny, 
when  he  said  that  "  all  trees  and  herbs  are  furnished  with 
both  sexes,"  may  seem  to  contradict  tliis  statement;  at  least, 
he  pointed  out  no  particular  organ  in  which  they  resided. 
Nor  does  it  appear  that  more  distinct  evidence  existed  of  the 
universal  sexuality  of  vegetables  till  about  the  year  1676, 
when  it  was  for  the  first  time  clearly  pointed  out  by  Sir 
Thomas  Millington  and  Grew.  Claims  are,  indeed,  laid  to 
a  priority  of  discovery  over  the  latter  observer  by  Ccesalpinus, 
Malpighi,  and  others ;  but  there  is  nothing  so  precise  in  their 
works  as  we  find  in  the  declaration  of  Grew,  ^'  that  the  attire 
(meaning  stamens)  do  serve  as  the  male  for  the  generation  of 
the  seed."  It  would  not  be  consistent  with  the  plan  of  this 
work  to  enter  into  any  detailed  account  of  the  gradual 
advances  which  such  opinions  made  in  the  world,   nor  to 
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trace  the  progress  of  discovery  of  the  precise  nature  of  the 
several  parts  of  the  stamens  and  pistil.  Suffice  it  to  say  that, 
in  the  hands  of  Linnaeus,  the  doctrine  of  the  sexuality  of  plants 
was  finally  established,  never  again  to  be  seriously  contro- 
verted; for  the  denial  of  this  fact,  which  has  been  since 
occasionally  made  by  a  few  men,  such  as  Alston,  SmeUie,  and 
Schelver,  has  merely  exposed  the  weakness  of  such  hyper- 
critics.  We  know  that  the  powder  which  is  contained  in  the 
case  of  the  anthers,  and  which  is  called  pollen,  must  generally 
come  in  contact  with  the  viscid  surface  of  the  stigma,  or  no 
fecundation  can  take  place.  It  is  possible,  indeed,  without 
this  happening,  that  the  fruit  may  increase  in  size,  and  that 
the  seminal  integuments  may  even  be  greatly  developed ;  the 
elements  of  all  these  parts  existing  before  the  action  of  the 
poUen  can  ti^e  effect :  but,  under  such  circumstances,  what- 
ever may  be  the  developement  of  either  the  pericarp  or  the 
seeds,  no  embryo  can  be  formed.  This  universality  of  sexes 
in  vegetables,  must  not,  however,  be  supposed  to  extend  further 
than  what  are  usually  called,  chiefly  from  that  circumstance, 
perfect  plants.  In  cryptogamic  plants,  beginning  with  ferns, 
and  proceeding  downwards  to  fungi,  tliere  are  either  no 
sexual  organs  whatever,  or  the  males  are  so  imperfectly  deve- 
loped as  to  be  invisible,  or  of  no  effect. 

In  order  to  ensure  the  certain  emission  of  the  pollen  at  the 
precise  period  when  it  is  required,  a  beautiful  contrivance  has 
been  prepared.  Purkinge  has  demonstrated  the  correctness  of 
Mirbel's  opinion  in  1808,  that  the  cause  of  the  dehiscence 
of  the  anther  is  its  lining,  consisting  of  cellular  tissue,  cut  into 
slits,  and  eminently  hygrometrical.  He  shows  that  this  lining 
is  composed  of'ceUular  tissue,  chiefly  of  the  fibrous  kind, 
which  forms  an  infinite  multitude  of  little  springs,  that,  when 
dry,  contract  and  pull  back  the  valves  of  the  anthers,  by  a 
powerful  accumulation  of  forces,  which  are  individually 
scarcely  appreciable :  so  that  the  opening  of  the  anther  is  not 
a  mere  act  of  chance,  but  the  admirably  contrived  result 
of  the  maturity  of  the  pollen,  —  an  epoch  at  which  the  sur- 
rounding tissue  is  necessarily  exhausted  of  its  fluid  by  the 
force  of  endosmose  exercised  by  each  particular  grain  of  poUen. 

That  this  exhaustion  of  the  circumambient  tissue  by  the 
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endosmose  of  the  pollen  is  not  a  mere  hypothesis,  has  been 
shown  by  Mirbel  in  a  continuation  of  the  beautiful  memoir 
I  have  already  so  often  referred  to.  He  finds  that,  on  the 
one  hand,  a  great  abundance  of  fluid  is  directed  into  the 
utricles,  in  which  the  pollen  is  developed,  a  little  before  the 
maturity  of  the  latter,  and  that,  by  a  dislocation  of  those 
utricles,  the  pollen  loses  all  organic  connection  with  the  lining 
of  the  anther ;  and  that,  on  the  other  hand,  these  utricles  are 
dried  up,  lacerated,  and  disorganised,  at  the  time  when  the 
pollen  has  acquired  its  full  developement 

The  exact  mode  in  which  the  pollen  took  effect  was  for  a 
long  time  an  inscrutable  mystery.  It  was  generally  supposed 
that,  by  some  subtle  process,  a  material  vivifying  substance 
was  conducted  into  the  ovules  through  the  style ;  but  nothing 
certain  was  known  upon  the  subject  until  the  observations  of 
Amici  and  of  Adolphe  Brongniart  had  been  published.  It  is 
now  ascertained  that,  a  short  time  after  the  application  of 
the  pollen  to  the  stigma,  each  grain  of  the  former  emits  one 
or  more  tubes  of  extreme  tenuity,  not  exceeding  the  1500dth 
or  2000dth  of  an  inch  in  diameter,  which  pierce  the  conduct- 
ing tissue  of  the  stigma,  and  find  their  way  down  to  the 
region  of  the  placenta,  including  within  them  the  active  mole- 
cules found  in  the  grain.  Whether  or  not  the  pollen  tubes  ac- 
tually reach  the  ovules,  remains  to  be  proved.  No  one  has  ever 
seen  them  in  contact  after  the  pollen  tubes  have  arrived  at  the 
placenta ;  for  the  tubes  which  Brown  states  he  has  traced  into 
the  apertures  of  the  ovules  of  Orchis  Morio,  and  Peristylus 
(Habenaria)  viridis,  cannot  be  considered  an  instahce  to  the 
contrary,  inasmuch  as  this  great  observer  admits  that  the  tubes 
in  those  plants  probably  do  not  proceed  from  the  pollen.* 

Be  this  as  it  may,  it  is  quite  certain  that  it  is  absolutely 
necessary  for  the  pollen  to  be  put  in  communication  with  the 
foramen  of  the  ovule,  through  the  intervention  of  the  con- 
ducting tissue  of  the  style.  In  ordinary  cases  this  is  easUy 
effected,  in  consequence  of  the  foramen  being  actually  in 
contact  with  the  placenta.  Where  it  is  otherwise,  nature  has 
provided  some  curious  contrivances  for  bringing  about  the 
necessary  contact.     In  Euphorbia  Lathyris  the  apex  of  the 

*  See  Appendix. 
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nucleus  is  protruded  far  beyond  the  foramen,  so  as  to  lie 
within  a  kind  of  hood-like  expansion  of  the  placenta :  in  all 
campulitropous  ovules  the  foramen  is  bent  downwards,  by  the 
unequal  growth  of  the  two  sides,  so  as  to  come  in  contact  with 
the  conducting  tissue ;  and  in  Statice  Armeria,  Daphne  Lau- 
reola,  and  some  other  plants,  the  surface  of  the  conducting 
tissue  actually  elongates  and  stops  up  the  mouth  of  the 
ovule,  while  fertilisation  is  taking  effect.  Another  case,  pre- 
senting similar  apparent  difficulties,  occurs  in  Helianthemum. 
In  plants  of  that  genus  the  foramen  is  at  that  end  of  the 
ovule  which  is  most  remote  from  the  hilum;  and  although 
the  ovules  themselves  are  elevated  upon  cords  much  longer 
than  are  usually  met  with,  yet  there  is  no  obvious  means 
provided  for  their  coming  in  contact  with  any  part  through 
which  the  matter  projected  into  the  poUen-tubes  can  be  sup- 
posed to  descend.  It  has,  however,  been  ascertained  by 
Adolphe  Brongniart,  that,  at  the  time  when  the  stigma  is 
covered  with  pollen,  and  fertilisation  has  taken  effect,  there  is 
a  bundle  of  threads,  originating  from  the  base  of  the  style, 
which  hang  down  in  the  cavity  of  the  ovary,  and,  floating 
there,  are  abundantly  sufficient  to  convey  the  influence  of 
the  pollen  to  the  points  of  the  nuclei.  So,  again,  in  Asclepi- 
^eae.  In  this  tribe,  from  the  peculiar  conformation  of  the 
parts,  and  from  the  grains  of  pollen  being  all  shut  up  in  a 
sort  of  bag,  out  of  which  there  seemed  to  be  no  escape,  it  was 
supposed  that  such  plants  must  at  least  form  an  exception  to 
the  general  rule.  But  before  the  month  of  November,  1828, 
the  celebrated  Prussian  traveUer  and  botanist,  Ehrenberg,  had 
discovered  that  the  grains  of  pollen  of  Asclepiadese  acquire  a 
sort  of  tails,  which  are  all  directed  to  a  suture  of  their  sac  on 
the  side  next  the  stigma,  and  which  at  the  period  of  fertilis- 
ation are  lengthened  and  emitted ;  but  he  did  not  discover 
that  these  taUs  are  only  formed  subsequently  to  the  commence- 
ment of  a  new  vital  action  connected  with  fertilisation,  and 
he  thought  that  they  were  of  a  difierent  nature  from  the  pol- 
len-tubes of  other  plants:  he  particularly  observed  in  Asclepias 
syriaca  that  the  tails  become  exceedingly  long  and  hang  down. 
In  1831,  the  subject  was  resumed  by  Brown  in  this  country, 
and  by  Adolphe  Brongniart  in  France,  at  times  so  nearly  identi- 
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cal  that  it  really  seems  to  me  impossible  to  say  with  which  the 
discovery  about  to  be  mentioned  originated :  it  will  therefore 
be  only  justice  if  the  Essays  referred  to  are  spoken  of  collectively, 
instead  of  separat^ely.     These  two  distinguished  botanists  as- 
certained that  the  production  of  tails  by  the  grains  of  the 
pollen  was  a  phenomenon  connected  with  the  action  of  fer- 
tilisation ;  they  confirmed  the  existence  of  the  suture  des- 
cribed by  Ehrenberg;  they  found  that  the  true  stigma  of 
Asclepiadeae  is  at  the  lower  part  of  the  discoid  head  of  the 
style,  and  so  placed   as  to  be  within  reach  of  the  suture 
through  which  the  pollen  tubes  or  tails  are  emitted;    they 
remarked  that  the  latter  insinuated  themselves  below  the  head 
of  the  style,  and  followed  its  surface  until  they  reached  the 
stigma,  into  the  tissue  of  which  they  buried  themselves  so 
perceptibly,  that  they  were  enabled  to  trace  them,  occasionally, 
almost  into  the  cavity  of  the  ovarium ;  and  thus  they  esta- 
blished the  highly  important  fact,  that  this  family,  which  was 
thought  to  be  one  of  those  in  which  it  was  impossible  to  sup- 
pose that  fertilisation  takes  place  by  actual  contact  between 
the  pollen  and  the  stigma,  offers  the  most  beautiful  of  all 
examples  of  the  exactness  of  the  theory,  that  it  is  at  least 
owing  to  the  projection  of  pollen-tubes  into  the  substance  of 
the  stigma.     In  the  more  essential  parts  these  two  observers 
are  agreed :  they,  however,  differ  in  some  of  the  details,  as, 
for  instance,  in  the  texture  of  the  part  of  the  style  which  I 
have  here  called  stigma,  and  into  which  the  pollen-tubes  are 
introduced.      Brongniart   both   describes  and   figures  it  as 
much  more  lax  than  the  other  tissue ;  while,  on  the  other 
hdnd.  Brown  declares  that  he  has  in  no  case  been  able  to 
observe  "  the  slightest  appearance  of  secretion,  or  any  differ- 
ences whatever  in  texture  between  that  part  and  the  general 
surface  of  the  stigma"  (meaning  what  I  have  described  as 
the  discoid  head  of  the  style). 

It  would,  therefore,  seem  that  actual  contact  between  the 
pollen  and  the  stigma  is  indispensable  in  all  cases.  Orchi- 
deous  plants,  however,  offer  an  apparent  exception;  for  in 
them  nature  has,  on  the  one  hand,  provided  special  organs,  in 
the  form  of  the  stigmatic  gland  and  the  caiidicle  of  the  pollen 
masses,  to  assist  in  the  act  of  fertilisation ;  and  on  the  other 
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has  taken  great  precautions  to  prevent  contact,  by  so  placing 
the  anther  that  it  is  next  to  impossible  for  the  pollen  to  touch 
the  stigma  until  the  energy  of  the  former  is  expended. 
Nevertheless,  it  is  represented  by  Adolphe  Brongniart,  in  a 
paper  read  before  the  Academy  of  Sciences  at  Paris,  in  July 
1831,  that  contact  is  as  necessary  in  these  plants  as  in  others, 
and  that,  in  the  emission  of  pollen-tubes,  they  do  not  differ 
from  other  plants.  These  statements  have  been  followed  up 
by  Brown,  in  an  elaborate  essay  upon  the  subject,  in  which 
the  results  that  are  arrived  at  by  our  learned  countryman  are 
essentially  to  the  same  effect.  To  these  there  is  at  present 
nothing  equally  positive  to  oppose ;  but,  as  the  indirect  observ- 
ations of  Mr.  Bauer,  and  the  general  structure  of  the  order, 
are  much  at  variance  with  the  probability  of  actual  contact 
being  necessary,  and  especially  as  Brown  is  obliged  to  have 
recourse  to  the  supposition  that  the  pollen  of  many  of  these 
plants  must  be  actually  carried  by  insects  from  the  boxes  in 
which  it  is  naturally  locked  up,  it  must  be  considered,  I 
think,  that  the  mode  of  fertilisation  in  Orchidece  is  still  &r 
from  being  determined.  I  must  particularly  remark  that  the 
very  problematical  agency  of  insects,  to  which  Brown  has 
recourse  in  order  to  make  out  his  case,  seems  to  be  singularly 
at  variance  with  his  supposition  that  the  insect  forms,  which 
in  Ophrys  are  so  striking,  and  which  he  says  resemble  the 
insects  of  the  countries  in  which  the  plants  are  found,  **  are 
intended  rather  to  repel  than  to  attract."  It  may  be  true,  as 
Brown  observes,  that  there  is  less  necessity  for  the  agency  of 
insects  in  such  flowers  as  the  European  Ophrydece ;  but  what 
other  means  than  the  assistance  of  insects  can  be  supposed  to 
extricate  the  poUen  from  the  ceUs  in  the  insect  flowers  of 
Renanthera  Arachnites,  the  whole  genus  Oncidium,  Tetra- 
micra  rigida,  several  species  of  Epidendrum,  Cymbidium 
tenuifolium,  Vanda  peduncularis,  and  a  host  of  others.  Is  it 
not,  moreover,  possible  that  the  pollen  of  Orchideous  plants 
may  partake  so  far  of  the  common  properties  of  that  form  of 
matter  as  to  be  capable  of  emitting  (imperfect  ?)  pollen  tubes 
when  brought  into  contact  with  the  necessary  stimulus,  al- 
though it  is  not  their  general  character  so  to  do,  and  although 
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they  have  the  power  of  parting  with  their  fertilising  principle 
in  another  manner. 

One  of  the  most  curious  consequences  of  the  presence  of 
sexes  in  plants  is  the  property  the  latter  consequently  possess 
of  producing  mules.  It  is  well  known  that,  in  the  animal 
kingdom,  if  the  male  and  female  of  two  distinct  species  of  the 
same  genus  breed  together,  the  residt  is  an  of&pring  inter- 
mediate in  character  between  its  parents,  but  uniformly  in- 
capable of  procreation  unless  with  one  of  its  p€a*ents ;  while 
the  progeny  of  varieties  of  the  same  species,  however  dis- 
similar in  habit,  feature,  or  general  characters,  is  in  all  eases 
as  fertile  as  the  parents  themselves.  A  law  very  similiar  to 
this  exists  in  the  vegetable  kingdom. 

Two  distinct  species  of  the  same  genus  will  often  together 
produce  an  offspring  intermediate  in  character  between  them- 
selves, and  capable  of  performing  all  its  vital  functioiis  as 
perfectly  as  either  parent,  with  the  exception  of  its  being 
unequal  to  perpetuating  itself  by  seed ;  or,  should  it  not  be 
absolutely  sterile,  it  will  become  so  in  the  second,  third,  or, 
very  rarely,  fourth  generation.  It  may,  however,  be  rendered 
fertile  by  the  application  of  the  pollen  of  either  of  its  parents ; 
in  which  case  its  ofispring  assumes  the  character  of  the  parent 
by  which  the  pollen  was  supplied.  This  power  of  hybridising 
appears  to  be  far  more  common  in  plants  than  in  animals ;  for, 
while  only  a  few  animal  mules  are  known,  there  is  scarcely 
a  genus  of  domesticated  plants  in  which  this  effect  cannot  be 
produced  by  the  assistance  of  man,  in  placing  the  pollen  of 
one  species  upon  the  stigma  of  another.  It  is,  however,  in 
general  only  between  nearly  allied  species  that  this  intercourse 
can  take  place ;  those  which  are  widely  different  in  structure 
and  constitution  not  being  capable  of  any  artificial  union. 
Thus  the  different  species  of  strawberry,  of  certain  tribes  of 
Pelargonium,  and  of  Cucurbitaceae^  intermix  with  the  greatest 
&cility,  there  being  a  great  accordance  between  them  in 
general  structure  and  constitution ;  but  no  one  has  ever  suc- 
ceeded in  compelling  the  pear  to  fertilise  the  apple,  nor  the 
gooseberry  the  currant.  And  as  species  that  are  very  dis- 
similar appear  to  have  some  natural  impediment  which  pre- 
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vents  their  reciprocal  fertilisation,  so  does  this  obstacle,  of 
whatever  nature  it  may  be,  in  general  present  an  insuperable 
bar  to  the  intercourse  of  different  genera.  All  the  stories 
that  are  current  as  to  the  intermixture  of  oranges  and  pome- 
granates, of  roses  and  black  currants,  and  the  like,  may,  there- 
fore be  set  down  to  pure  invention. 

It  is,  nevertheless,  undoubtedly  true  that  bigenersy  that  is  to 
say  mules  between  different  genera,  have  in  some  few  cases 
been  artificially  obtained.  Kolreuter  obtained  such  between 
Malvaceous plants;  Gsertner,  between  Daturas  and  Henbane 
and  Tobacco ;  Wiegman,  between  a  Garden  Bean  and  a  Lentil; 
and  there  are  other  well-attested  cases.  But  all  such  produc- 
tions were  as  short-lived  and  sickly  as  they  were  monstrous. 

By  far  the  best  series  of  observations  that  has  been  instituted 
with  a  view  to  determine  the  laws  of  hybridism  was  that  of 
Kolreuter,  who,  about  the  year  1775,  commenced  a  set  of 
experiments,  which  he  continued  to  prosecute  for  twenty 
years,  upon  species  of  the  genera  Digitalis,  Verbascum,  Sola- 
num,  Malva,  Linum,  Dianthus,  and  Mirabilis.  It  is  upon 
those  experiments,  combined  with  the  subsequent  experience 
of  others  and  my  own  observations,  that  the  foregoing  state- 
ment has  been  made. 

It  has,  nevertheless,  been  asserted  by  divers  experienced 
cultivators  of  the  present  day,  that  the  conclusions  drawn 
from  the  experiments  of  Kolreuter  have  been  too  hasty ;  and 
that,  if  they  apply  to  the  genera  that  were  the  special  subject 
of  the  attention  of  that  observer,  they  are  by  no  means  appli- 
cable to  plants  in  general.  It  has  been  urged,  in  proof  of  this 
statement,  that  many  different  species  of  African  Gladioli,  of 
Pelargonium,  of  South  American  Amaryllis,  of  Crinum,  of 
Triticum,  &c.,  breed  freely  together,  and  tliat  their  seedlings 
are  as  fertile  as  themselves. 

I  must  confess  that  these  instances  are  by  no  means  such  as 
to  shake  my  confidence  in  the  accuracy  of  the  laws  deduced 
from  Kolreuter^s  experiments.  In  the  first  place,  there  is  a 
degree  of  vagueness  and  looseness  in  the  cases  that  are 
specified,  which  is  particularly  striking  if  compared  with  the 
precision  with  which  Kblreuter's  experiments  were  conducted; 
secondly,  in  all  the  instances  above  mentioned,  which,  I  believe, 
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are  the  most  remarkable,  there  is  much  room  for  doubt 
whether  the  supposed  species  upon  which  the  argument  is 
founded  are  any  tiling  more  tlian  wild  varieties  of  each  other* 
The  African  Gladioli  are  known  to  intermix  freely ;  but 
Herbert,  in  his  account  of  them,  in  the  Horticultural  Trans^ 
actions^  vol.  iv.  p.  16.,  admits  that  he  cannot  speak  to  the 
power  of  their  mides  to  perpetuate  themselves  by  seed*  No 
botanist  can  fix  positive  characters  to  a  large  part  of  the 
reputed  species  of  Pelargonium,  or  to  the  South  American 
Amaryllises ;  many  of  the  supposed  species  of  Crinum  seem 
to  have  no  better  claim  to  be  so  considered  than  the  varieties 
that  might  be  picked  from  a  bed  of  tulips ;  and,  lastly,  the 
Tritica  caerulescens,  polonicum,  and  tomentosum,  upon  which 
Bellardi's  experiments  were  founded,  are  plants  with  the 
history  of  which  no  man  is  acquainted,  and  which,  in  all 
probability,  derive  their  origin  from  the  Triticum  sestivum, 
or  common  wheat. 

All,  I  think,  that  can  be  conceded  upon  this  subject  is,  that 
more  hybrid  plants  are  fertile  to  the  third  or  fourth  generation 
than  Kolreuter  supposed,  and  that  the  degree  of  their  sterility 
will  depend  very  much  upon  the  degree  of  natural  relationship 
which  their  parents  may  have  possessed.  That  they  will  all,  in 
time,  revert  to  one  or  other  of  their  parents,  or  become  abso- 
lutely barren,  there  can  be  no  doubt  whatever. 

Although  this  power  of  creating  mule  plants  that  are  fertile 
for  two  or  three  generations  incontestably  exists,  yet  in  wild 
nature  hybrid  varieties  are  far  from  common;  or,  at  least,  there 
are  few  well-attested  instances  of  their  occurrence*  Among 
the  most  remarkable  cases,  are  the  Cistus  Ledon,  constantly 
produced  between  C.  monspessulanus  and  laurifolius;  and 
Cistus  longifolius,  between  C.  monspessulanus  and  populi- 
folius,  in  the  wood  of  Fontfroide,  near  Narbonne,  mentioned 
by  Bentbam.  The  same  acute  botanist  ascertained  that  Saxi- 
fraga  luteopurpurea  of  Lapeyrouse,  and  S.  ambigua  of  De 
Candolle,  are  only  wild  accidental  hybrids  between  S*  are- 
doides  and  calyciflora :  they  are  only  found  where  the  two 
parents  grow  together ;  but  there  they  form  a  suite  of  inter- 
mediate states  between  the  two.  Grentians,  having  a  similar 
origin,  have  also    been  remarked  upon   th^  mountains  of 
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Europe;  and  altogether  about  forty  cases  of  wild  reputed 
species  have  been  collected  by  Schiede,  Lasch,  and  De  Can- 
dolle.  It  is  difficult  not  to  believe  that  a  great  number  of 
the  reputed  species  of  Salix,  Rosa,  Rubus,  and  other  intricate 
genera,  have  also  had  a  hybrid  origin. 

This,  as  De  CandoUe  justly  observes,  is  an  answer  to  those 
who,  like  Linnaeus,  have  assumed  that  the  number  of  species 
of  organised  beings  has  been  constantly  augmenting,  since  the 
creation,  by  the  intermixture  of  different  races.  All  the  ob- 
servations that  have  been  made  for  the  last  century  have  not 
produced  a  catalogue  of  50  certain  hybrids  in  a  wild  state. 

In  a  practical  point  of  view,  I  am  inclined  to  believe  that 
the  power  of  obtaining  mule  varieties  by  art  is  one  of  the  most 
important  means  that  man  possesses  of  modifying  the  works  of 
nature,  and  of  rendering  them  better  adapted  to  his  purposes. 
In  our  gardens  some  of  the  most  beautiful  flowers  have  such 
an  origin;  as,  for  instance,  the  roses  obtained  between 
R.  indica  and  moschata,  the  different  mule  Potentillae  and 
Cacti,  the  splendid  Azaleas  raised  between  A.  pontica  and 
A.  nudiflora  coccinea,  and  the  magnificent  American-Indian 
Rhododendrons.  By  crossing  varieties  of  the  same  species,  the 
races  of  fruits  and  of  culinary  vegetables  have  been  brought 
to  a  state  as  nearly  approaching  perfection  as  we  can  sup- 
pose possible.  And  if  similar  improvements  have  not  taken 
place  in  a  more  important  department, — namely,  the  trees  that 
afford  us  timber,  —  experience  fully  warrants  the  belief  tliat, 
if  proper  means  were  adopted,  improved  varieties  of  as  much 
consequence  might  be  introduced  into  our  forests,  as  have 
already  been  created  for  our  gardens. 

It  is,  however,  to  be  regretted  that  those  who  occupy  them- 
selves with  experiments  of  this  kind  do  not  confine  them  to 
woody  or  perennial  plants  which  can  be  perpetuated  by  cut- 
tings. Mule  annuals  have  the  great  fault  of  perishing  almost 
as  soon  as  they  are  obtained,  and  they  serve  no  other  purpose 
than  that  of  encumbering  the  records  of  science  with  accounts 
of  plants  which,  from  their  transitory  existence,  can  never  be 
re-examined. 

In  conducting  experiments  of  this  kind,  it  is  well  to  know 
that,  in  general,  the  characters  of  the  male  parent  predomi- 
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nate  in  the  flowers  and  parts  of  fructification ;  while  the  foliage 
and  general  constitution  are  chiefly  those  of  the  female  parent* 
Thus,  in  the  celebrated  mule  Rhododendron,  gained  by  Liord 
Carnarvon  by  fertilising  R.  Catawbiense  with  R.  arboreum, 
the  mule  variety  had  the  flowers  and  colour  of  R.  arboreum, 
but  more  the  leaves  and  hardiness  of  constitution  of  R.  Ca- 
tawbiense. The  same  circumstance  has  been  observed  in 
hybrid  Amaryllises,  Centaureas,  &c. 

The  cause  of  the  sterility  of  mule  plants  is  at  present  en- 
tirely unknown.  Sometimes,  indeed,  a  deficiency  of  pollen 
may  be  assigned ;  but  in  many  cases  there  is  no  perceptible 
difference  in  the  healthiness  of  structure  of  the  fertilising 
organs  of  a  male  plant  and  of  its  parents.  I  know  of  no 
person  who  has  attempted  to  prove  this  by  comparative 
anatomical  observations,  except  Professor  Henslow,  of  Cam- 
bridge ;  who,  in  an  excellent  paper  upon  a  hybrid  Digitalis, 
investigated  anatomically  the  condition  of  the  stamens  and 
pistil,  both  of  his  hybrid  and  its  two  parents,  with  great  care 
and  skill.  Hie  result  of  his  enquiry  was,  that  no  aj^reciable 
difference  could  be  detected. 
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CHAPTER  VII. 


OF  THE    FRUIT. 


The  fruit,  which  is  mechanically  destined  as  a  mere  protec- 
tion to  the  seed,  by  which  its  race  is  to  be  maintained,  is  also, 
next  to  the  wood,  the  most  important  part  in  the  productions 
of  vegetation.  It  constitutes  the  principal  part  of  the  food, 
especially  in  winter,  of  birds  and  small  animals  ;  it  is  often 
more  ornamental  than  the  flowers  themselves,  and  it  con- 
tributes most  materially  to  the  necessities  and  luxuries  of 
fni^nlcinH.  When  ripe,  it  falls  from  the  plant,  and,  borne  down 
by  its  weight,  lies  on  the  ground  at  the  foot  of  the  individual 
that  produced  it :  here  its  seeds  vegetate,  when  it  decays,  and  a 
crop  of  new  individuals  arises  from  the  base  of  the  old  one;  but, 
as  plants  produced  in  such  a  manner  would  soon  choke  and 
destroy  each  other,  nature  has  provided  a  multitude  of  ways 
for  their  greater  dispersion.  Many  are  carried  to  distant  spots 
by  the  animals  which  eat  them :  others,  provided  with  a  sort 
of  wings,  such  as  the  samara,  and  the  pappus  of  Compositse, 
fly  away  upon  the  wind  to  seek  a  distant  station ;  others  scat- 
ter their  seeds  abroad  by  an  explosion  of  the  pericarp  caused 
by  a  sudden  contraction  of  the  tissue ;  many,  falling  upon  the 
surface  of  streams,  are  carried  along  by  the  current;  while 
others  are  dispersed  by  a  variety  of  methods  which  it  would 
be  tedious  to  enumerate. 

The  fruit,  during  its  growth,  is  supported  at  the  expense 
of  the  sap  generally :  but  most  especially  of  that  which  had 
been  previously  accumulated  for  its  maintenance.  This  is 
less  apparent  in  perennial  or  ligneous  plants  than  in  annual 
ones,  but  is  capable  of  demonstration  in  both.  Knight  has 
well  observed,  that  in  annual  fruit-bearing  plants,  such  as  the 
melon,  if  a  fruit  is  allowed  to  form  at  a  very  early  period  of 
the  life  of  the  plant,  as,  for  instance,  in  the  axil  of  the  third 
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leaf,  it  rarely  sets  or  arrives  at  maturity,  but  falls  off  soon 
after  beginning  to  swell,  from  want  of  an  accumulation  of 
food  for  its  support ;  while,  if  the  same  plant  is  not  allowed 
to  bear  fruit  until  it  has  provided  a  considerable  supply  of 
food,  as  will  be  the  case  after  die  leaves  are  fully  formed,  and 
have  been  some  little  time  in  action,  the  fruit  which  may  then 
set  swells  rapidly,  and  speedily  arrives  at  the  highest  degree 
of  perfection  of  which  it  may  be  susceptible.  And  in  woody 
trees,  also,  a  similar  phenomenon  occurs :  it  is  well  known  to 
gardeners,  that,  if  a  season  occurs  in  which  trees  in  a  state  of 
maturity  are  prevented  bearing  their  usual  crops,  the  succeed- 
ing year  their  fruit  is  unusually  fine  and  abundant ;  owing  to 
their  having  a  whole  year's  extra  stock  of  accumulated  sap  to 
feed  upon. 

TTie  cause  of  the  fruit  attracting  food  from  surrounding 
parts  is  probably  to  be  sought  in  the  phenomenon  called  endos- 
mose.  All  the  sap  that  may  be  at  first  impelled  into  the  fruit  by 
the  action  of  vegetatiqp,  not  being  able  to  find  an  exit,  collects 
within  the  fruit,  and,  in  consequence  of  evaporation,  becomes 
gradually  more  dense  than  that  in  the  surrounding  tissue :  it 
will  then  begin  to  attract  to  itself  all  the  more  aqueous  fluid 
that  is  in  communication  with  it ;  and  the  impulse,  once  given 
in  this  way  to  the  concentration  of  the  sap  in  particular  points, 
will  continue  until  the  growth  of  the  fruit  is  completed,  and 
its  tissue  so  much  gorged  as  to  be  incapable  of  receiving 
any  more  food,  when  it  usually  faDs  off. 

No  one  has  studied  the  effects  of  fruit  upon  the  atmosphere, 
and  the  nature  of  the  chemical  changes  it  undergoes,  with 
more  success  than  Theodore  de  Saussure  and  B^rard,  an 
account  of  whose  discoveries  I  partly  translate  and  partly  con- 
dense firom  'De  Candolle.  According  to  the  first  of  these 
original  observers,  "Fruits,  while  green,  whether  leafy  or 
fleshy,  act  much  as  leaves  either  in  the  sun  or  in  shade,  and 
differ  from  tliose  organs  principally  in  the  intensity  of  their 
action.  In  the  night  they  destroy  the  oxygen  of  their  atmos- 
phere, and  replace  it  with  carbonic  acid,  which  they  pardaUy 
absorb  again.  This  absoiption  is  generally  less  in  the  open 
air  than  under  a  receiver ;  and,  their  volume  remaining  the 
same,  dicy  consume  more  oxygen  in  darkness  when  distant 
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from  ripeness  than  when  they  are  approaching  that  state.  If 
exposed  to  the  sun,  they  disengage  altogether  or  in  part  the 
oxygen  which  they  inspired  during  the  night,  and  preserve  no 
trace  of  this  acid  in  their  own  atmosphere.  If  many  fruits  are 
detached  from  the  plant,  they  thus  add  oxygen  to  air  which 
contains  no  carbonic  acid.  When  their  vegetation  is  very 
feeble,  or  extremely  languid,  they  vitiate  the  air  under  all  cir- 
cumstances, but  less  in  the  sun  than  in  the  shade.  Green 
fruits  detached  from  a  plant,  and  exposed  successively  to  the 
action  of  the  sun  and  of  darkness,  change  it  but  little  or  not 
at  all  either  in  purity  or  in  volume.  The  trifling  variations 
that  may  be  remarked  in  this  respect  depend  either  upon  the 
greater  or  less  faculty  which  they  have  of  elaborating  carbonic 
acid,  or  in  their  composition,  which  is  modified  according  to 
the  degree  of  their  ripeness.  •  Thus  Grapes,  in  a  state  of  ver- 
juice, appear  to  assimilate  in  small  quantity  the  oxygen  of  the 
carbonic  acid  which  they  form  in  the  air  where  they  vegetate 
both  day  and  night ;  while,  on  the  contrary.  Grapes  nearly 
ripe  give  back  almost  entirely  during  the  day  to  their  own 
atmosphere  the  oxygen  of  the  carbonic  acid  they  have  formed 
in  darkness.  If  there  is  no  deception  in  this  circumstance, 
which,  although  feeble,  appears  to  have  been  constant,  it 
marks  the  passage  from  the  acid  to  the  sweet  state  by  indi- 
cating that  the  acidity  of  verjuice  depends  upon  the  fixing  of 
the  oxygen  of  the  air,  and  that  this  acidity  disappears  when 
the  fruit  no  longer  seeks  for  carbon  in  the  air  or  in  carbonic 
acid.  Green  fruits  decompose,  either  entirely  or  in  part,  not 
only  the  carbonic  acid  they  have  produced  during  the  night, 
but,  in  addition,  such  quantity  as  may  be  artificially  added  to 
their  atmosphere.  When  this  last  experiment  is  tried  with 
fruits  which  are  not  watery,  and  which,  like  Apples  and 
Grapes,  elaborate  but  slowly  carbonic  acid,  one  sees  that  they 
absorb  in  the  sun  a  much  larger  proportion  of  gas  than  the 
same  volume  of  water  in  a  similar  mixture ;  afterwards  they 
disengage  the  oxygen  of  the  carbonic  acid  absorbed,  and  thus 
appear  to  elaborate  it  in  their  interior. 

"  They  appropriate  to  themselves  during  their  vegetation 
both  oxygen  and  water,  compelling  the  latter  to  lose  its  liquid 
state. 
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^^  These  results  are  often  not  observable  in  volumes  of  air 
less  than  firom  30  to  40  times  that  of  the  volume  of  the  fruity 
and  by  diminishing  the  heating  power  of  the  sim*  If  such 
precautions  are  neglected,  many  fruits  will  vitiate  the  air  even 
in  the  sun  by  forming  carbonic  acid  with  the  ambient  oxygen; 
but,  even  in  the  latter  case,  the  simple  comparison  of  their 
effect  in  light,  with  what  they  produce  under  the  influence  of 
night  and  darkness,  demonstrates  that  they  decompose  car* 
bonic  acid." 

In  ripening,  fruits  undergo  some  remarkable  alterations, 
which  have  been  extremely  well  explained  by  De  CandoUe 
in  his  condensations  of  B^rard's  observations :  — 

^'  If  we  examine  the  modifications  which  the  flesh  of  firuits 
undergoes  in  ripening,  we  shall  at  first  remark  that  their 
fibrous  or  cellular  tissue  (which  varies  very  much  in  quantity 
in  different  species)  is  merely  lignine :  in  most  cases,  espe- 
cially in  very  fleshy  fruits,  lighter,  less  tough,  and  more  easily 
soluble  in  alkaline  solutions  than  commpn  lignine ;  but  pre- 
senting characters  of  an  opposite  kind  in  qth^r  parts  of  the 
same  firuit,  such  as  their  stones.  <- 

"  The  liquid  which  fills  the  flesh  of  succulent  pericarps  con- 
sists of  sap  placed  in  the  intercellular  passages  and  of  the 
matter  contained  in  the  cells.  This  liquid  of  the  flesh,  or  of 
the  fleshy  endocarp,  contains,  besides  a  great  quantity  of 
water,  sugar,  gum,  malic  acid,  malate  of  lime,  colouring 
matter,  a  peculiar  vegeto-animal  substance,  and  an  aromatic 
secretion  proper  to  each  fruit :  there  is,  moreover,  in  certain 
cases,  the  tartrates  both  of  potash  and  of  lime,  as  in  Gn^ies ; 
and  citric  acid  in  the  Lemon,  and  even  in  small  quanti^ 
in  the  Gooseberry."  B^rard  could  find  no  trace  of  starch  in 
watery  fruits,  such  as  Cherries,  Plmns,  Peaches,  CurrantSy 
Grapes,  nor  even  in  Pears  and  Apples,  although  it  has  been 
said  to  exist  in  them. 

^^  A  comparison  of  the  analysis  of  certain  fruits,  before  they 
are  ripe  and  at  that  period,  gives  some  curious  results.  In 
the  first  place  there  is  a  disappearance  of  water  in  a  liquid 
state,  viz.,  per  cent, — 
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«  Water  before 
ripeness. 

89-39 

Water  at 
ripeness. 

74-87 

.      86-41 

81-10 

88-28 

74-85 

.     74-87 

71-10 

90-31 
.      86-28 

80-24 

83-88 

**  Apricots 
Currants 
Duke  Cherries 
Green  Gages     • 
Melting  Peaches     • 
Jargonelle  Pears  • 

'^  This  diminution  appears  to  depend  in  part  upon  the  fruit 
absorbing  less  water  as  it  approaches  maturity,  and  in  part 
upon  the  combination  with  its  tissue  of  a  portion  of  the  water 
it  has  received*  SugaE^  on  the  contrary,  appears  to  be  con- 
tinually on  the  increase,  as  indeed  the  taste  would  tell  us; 

thus  we  find,  per  cent,— 

**  Green.  Ripe. 

^  Apricots  (a  trace  when 

young,  afterwards) 

Red  Currants 

Duke  Cherries 

Green  CSage  Plums 

Melting  Peaches 

Jargonelle  Pears    • 

"  This  sugar  is  sometimes  in  a  state  more  or  less  concrete, 
as  in  the  Grape,  the  Fig,  and  the  Peach ;  sometimes  in  a 
liquid  state.  It  seems  to  be  formed  at  the  expense  of  other 
matters,  the  proportion  of  which  diminishes.  Thus  the  quan- 
tity of  lignine  per  cent,  is  found  — 

• 

"Apricots 
Currants  (including  the  seeds) 
Duke  Cherries 
Green  Gage  Plums 
Melting  Peaches 
Jargonelle  Pears 
"  It  is  possible,  indeed,  that  the  lignine  formed  in  the  green 
fruit  does  not  in  reality  diminish,  but  that  the  dilatation  of 
the  cellular  tissue,  and  consequently  the  augmentation  of  the 
aqueous  products,  renders  it  proportionably  less,  without  its 
being  absolutely  so.     But  the  gummy,  mucilaginous,  or  gela- 
tinous matters,  appear  very  susceptible  of  changing  into  sugar; 
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6-64 

16-48 

0'52 

6-24 

112 

1812 

17-71 

24-81 

0-63 

11-61 

6-45 

11-52 

"  Green. 

Ripe. 

3-61 

1-86 

8-45 

8-01 

2-44 

1-12 

1-26 

1-11 

3-01 

1-21 

3-80 

2-19 
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thus,  Couverchel  found  that,  if  we  treat  apple  jelly  with  a 
vegetable  acid  dissolved  in  water,  we  obtain  a  sugar  analogous 
to  that  of  Grapes ;  that  the  gum  of  Peas,  placed  with  oxalic 
acid,  in  a  temperature  of  125°  (Rcaum.),  changed  to  sugar; 
that  gum  extracted  from  starch,  if  mixed  with  the  juice  of 
green  Grapes,  rendered  the  latter  saccharine ;  and  finally  that 
tartaric  acid  will  produce  the  same  effect  by  aid  of  heat :  this 
is  the  reason  why  most  fruits  become  sweet  when  cooked. 

"  Other  matters  offer  remarkable  disparities  between  one 
fruit  and  another:  thus  malic  acid  keeps  diminishing  in 
Apricots  and  Pears,  augmenting  in  Currants,  Cherries,  Plums, 
and  Peaches.  Gum  keeps  diminishing  in  Currants,  Cherries, 
Plums,  and  Pears,  and  augmenting  in  Apricots  and  Peaches. 
Animal  matter  keeps  diminishing  in  Apricots  and  Plums, 
and  increasing  in  Currants,  Peaches,  Cherries,  and  Pears. 
Lime,  which  never  exists  except  in  small  quantity,  seems 
generally  to  diminish,  probably  because  evaporation  becomes 
less  with  maturity." 

"  After  the  period  which  is  generally  called  that  of  ripeness, 
most  fleshy  fruits  undergo  a  new  kind  of  alteration ;  their 
flesh  either  rots  or  blets.*  These  two  states  of  decomposition 
cannot,  according  to  Berard,  take  place  except  by  the  action 
of  the  oxygen  of  the  air,  although  he  admits  that  a  very  small 
quantity  only  is  sufficient  to  cause  it  He  succeeded  in  pre- 
serving for  several  months,  with  little  alteration,  the  fleshy 
fruits  which  were  the  subjects  of  the  foregoing  experiments, 
by  placing  them  in  hydrogen  or  nitrogen  gases.  All  fruits 
at  this  extreme  period  of  their  duration,  whether  they  decay 
or  whether  they  blet,  form  carbonic  acid  with  their  own  car- 
bon and  the  oxygen  of  the  air,  and  moreover  disengage  from 
their  proper  substance  a  certain  quantity  of  carbonic  acid." 

"  Bletting  is  in  particular  a  special  alteration.  I  have  re- 
marked, in  another  place,  that  this  condition  is  not  well  cha- 
racterised in  any  other  fruits  than  those  of  Ebenaceae  and 
Pomaceae;  that  both  these  natural  orders  agree  in  having 
the  calyx  adherent  to  the  ovary,  and  that  their  fruits  are  austere 

*  May  1  be  forgiven  for  coining  a  word  to  express  that  peculiar  bruised 
appearance  in  some  fruits,  called  blesm  by  the  French,  for  which  we  have 
no  equivalent  English  expression  ? 
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before  ripening.  It  would  even  seem,  from  the  fruits  of 
Diospyros,  the  Sorb,  and  the  Medlar,  that  the  more  austere  a 
fruit  is,  the  more  it  is  capable  of  bletting  regularly. 

'^  It  has  been  found  that  a  Jargonelle  Pear,  in  passing  to 
this  state,  loses  a  great  deal  of  water  (8*88  reduced  to 
62"73),  pretty  much  sugar  (ir52  reduced  to  8*77),  and  a 
little  lignine  (2*19  reduced  to  1*85) ;  but  acquires  rather 
more  malic  acid,  gum,  and  animal  matter.  Lignine,  in  par- 
ticular, seems  in  this  kind  of  alteration  to  undergo  a  change 
analogous  to  that  of  wood  in  decay." 

The  foregoing  experiments  have  led  to  the  discovery  that 
fruits,  which  do  not  require  to  remain  on  the  tree,  may  be  pre- 
served for  some  time,  and  thus  the  pleasure  they  afford  us 
prolonged.  The  most  simple  process  consists  in  placing,  at 
the  bottom  of  a  bottle,  a  paste  formed  of  lime,  sulphate  of 
iron,  and  water,  and  afterwards  introducing  the  fruit,  it 
having  been  pulled  a  few  days  before  it  would  have  been  ripe. 
Such  fruits  are  to  be  kept  from  the  bottom  of  the  bottle,  and, 
as  much  as  possible  from  each  other ;  and  the  bottle  to  be 
closed  by  a  cork  and  cement.  The  fruits  are  thus  placed  in 
an  atmosphere  fi'ee  from  oxygen,  and  may  be  preserved  for  a 
longer  or  shorter  time,  according  to  their  nature :  peaches, 
prunes,  and  apricots,  from  twenty  days  to  a  month;  pears 
and  apples  for  three  months.  If  they  are  withdrawn  after 
this  time,  and  exposed  to  the  air,  they  ripen  extremely  well ; 
but,  if  the  times  mentioned  are  much  exceeded,  they  undergo 
a  particular  alteration,  and  will  not  ripen  at  all. 
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CHAPTER  VIII. 

OF   THE    SEED. 

The  action  of  the  seed  is  confined  to  that  phenomenon  which 
occurs  when  the  embryo  that  the  seed  contains  is  first  called 
into  life,  and  which  is  named  germination. 

K  seeds  are  sown  as  soon  as  they  are  gathered,  they  gene- 
rally vegetate,  at  the  latest,  in  the  ensuing  spring ;  but,  if  they 
are  dried  first,  it  often  happens  that  they  will  lie  a  whole  year 
or  more  in  the  ground  without  altering.  This  character 
varies  extremely  in  different  species :  the  power  of  preserving 
their  vitality  is  also  extremely  variable ;  some  will  retain  their 
germinating  powers  many  years,  in  any  latitude,  and  under 
almost  any  circumstances.  Melon  seeds  have  been  known  to 
grow  when  41  years  old,  Maize  30  years,  Rye  40  years,  the 
Sensitive  plant  60  years.  Kidney  Beans  100  years.  Clover 
will  come  up  from  soil  newly  brought  to  the  sur&ce  of  the 
earth,  in  places  in  which  no  clover  had  been  previously 
known  to  grow  in  the  memory  of  man,  and  I  have  at  this 
moment  3  plants  of  Raspberries  before  me,  which  have  been 
raised  in  the  garden  of  the  Horticultural  Society  from  seeds 
taken  from  the  stomach  of  a  man,  whose  skeleton  was  found 
30  feet  below  the  surface  of  the  earth,  at  the  bottom  of  a 
barrow  which  was  opened  near  Dorchester.  He  had  been 
buried  with  some  coins  of  the  Emperor  Hadrian,  and  it  is 
therefore  probable  that  the  seeds  were  sixteen  or  seventeen  hun^ 
dred  years  old. 

The  chemical  action  of  seeds  has  been  admirably  explained 
by  De  CandoUe,  from  whom  the  principal  part  of  what  follows 
is  borrowed,  with  the  addition  of  some  recent  observations  by 
Edwards  and  Colin. 

Water,  heat,  and  atmospheric  air  (or  at  least  oxygen)  are 
the  conditions  without  wliich  germination  cannot  take  place. 
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If  any  one  of  them  is  abstracted,  the  other  two  are  of  no  efiect : 
it  is,  however,  doubtful  whether  it  ever  happens  in  nature, 
that  the  act  of  germination  takes  place  under  conditions  so 
simple  as  those ;  it  is  usually  a  much  more  complicated  phe- 
nomenon. 

Water  is  the  agent  to  which  we  are  most  in  the  habit  of 
assigning  the  power  of  causing  the  growth  of  seeds ;  to  air 
and  heat  they  are  generally  exposed  more  or  less,  and  it  is  by 
the  addition  of  water  that  the  two  latter  are  popularly  con- 
sidered to  be  brought  into  active  operation.  According  to 
De  Candolle,  it  is  a  general  property  of  seeds  to  absorb  during 
this  period  of  germination  more  than  their  own  weight  of 
water ;  but  no  regular  proportions  have  been  remarked,  aiid 
it  is  probable  that  the  respective  power  of  different  seeds  de- 
pends upon  the  nature  of  the  matter  deposited  ih  their  tissue. 
The  effect  of  water  may  be  supposed  to  be  that  of  softening 
the  tissue,  of  enabling  all  the  parts  to  distend,  and  of  dis- 
solving the  soluble  parts  so  as  to  render  them  fit  to  be  taken 
into  the  circulation  as  the  young  plant  becomes  capable  of 
absorbing  them. 

*  Boiled  or  distilled  water,  however,  is  not  capable  of  bring- 
ing about  the  germination  of  seeds,  provided  it  entirely  sur^ 
rounds  them;  it  is  indispensable  that  oxygen  should  have 
ready  access  to  them.  Grermination  in  fact  cannot  take  place 
in  vacuo  ;  nor  in  an  atmosphere  of  nitrogen,  or  hydrogen,  and 
still  less  in  carbonic  acid ;  or  at  least,  if  in  this  latter  gas 
some  traces  of  germination  manifest  themselves,  -they  rapidly 
disappear :  it  can  only  occur  in  free  oxygen.  Of  this  but  a 
small  proportion  is  really  necessary ;  from  ^  to  -^^  according 
to  different  observers.  But  1  part  of  oxygen  and  3  of 
nitrogen  are  the  proportions  which  seem  to  be  the  most  fa- 
vourable, and  this  is  not  very  different  from  the  proportions 
in  atmospheric  air ;  viz.  1  of  oxygen  and  4  of  nitrogen.  A 
too  large  dose  of  oxygen  weakens  the  young  plant  by  ab- 
stracting its  carbon  too  rapidly. 

Experiments  show  that  the  oxygen  is  not  absorbed  by  the 
seed,  but  combines  with  its  carbon,  forming  carbonic  acid,  which 
is  thrown  off.  When  a  seed  ripens,  a  considerable  quantity  of 
carbon  is  stored  up  in  its  tissue,  apparently  for  tlie.purpose  of 
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enabling  it  to  "preserve  the  unalterability"  to  which  its  pre- 
servation is  owing.  This  superfluous  carbon  renders  it 
scarcely  soluble  in  water.  To  enable  the  parts  to  be  suj£- 
ciently  moistened,  it  is  consequently  necessary  that  the  seed 
should  be  decarbonized  by  the  oxygen  of  the  air.  This  ex- 
plains why  Peas  scarcely  ripe  will  germinate  much  more 
rapidly  than  those  which  are  fully  matured ;  the  former  con- 
tain more  pure  water  and  less  carbon.  In  fact,  the  effect  of  the 
abstraction  by  oxygen  of  the  fixed  carbon  is  to  bring  back  the 
seed  to  the  state  in  which  it  was  before  it  was  provided  with  the 
means  of  remaining  imchanged  in  a  torpid  state.  The  sweet 
taste  of  germinating  barley  is,  in  reality,  what  the  seeds  pos- 
sessed before  they  were  finally  hardened.  The  destruction  of 
the  oxygen  of  the  air  by  the  carbon  of  the  seed  produces  a 
sensible  heat  in  germination,  just  as  a  similar  cause  produces 
a  similar  effect  in  flowers  when  the  fcecula  of  their  disk  is 
converted  into  sugar  (see  p.  276.).  Hence  the  heat  of  masses 
of  Barley  which  are  made  to  germinate  in  darkness  in  order 
to  become  malt  And  it  can  scarcely  be  doubted,  that  the 
change  of  the  starch  of  that  grain  into  sugar  is  chemically 
owing  to  the  abstraction  of  a  proportion  of  its  carbon  and  the 
addition  of  some  other  proportion  of  oxygen. 

In  the  opinion  of  some  persons,  oxygen  also  acts  as  a  stimu- 
lant of  the  vital  actions  of  the  embryo.  Humboldt  remarked 
that  seeds  plunged  in  chlorine,  and  taken  out  before  the 
radicle  appears  externally,  germinate  more  rapidly  than 
ordinary;  Cress,  for  instance,  may  thus  be  made  to  germinate 
in  6  hours  instead  of  24  or  30.  He  even  succeeded,  by  this 
process,  in  bringing  about  germination  in  old  seeds  which  ap- 
peared destitute  of  the  power.  These  experiments  have  not, 
however,  succeeded  in  all  hands :  in  many  cases  it  is  possible 
that  the  success  that  is  said  to  have  attended  them  has  been 
imaginary ;  and,  as  the  theory  upon  which  the  action  of  chlo- 
rine was  explained  is  now  abandoned,  one  cannot  avoid  en- 
tertaining doubts  as  to  the  accuracy  of  the  alleged  facts. 

Heat  it  is  in  which  the  stimulus  necessary  to  call  the 
vitality  of  seeds  into  action  seems  really  to  reside.  No  seed  can 
germinate  at  a  temperature  so  low  as  that  of  freezing ;  and 
each  seems  to  have  some  one  temperature  more  proper  for  it 
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than  any  other  at  the  first  dawn  of  its  life.  If,  says  De 
CandoUe,  the  temperature  is  too  high,  germination  proceeds 
too  rapidly,  and  the  result  is  weak  and  languishing  plants, 
in  which  we  cannot  avoid  recognising  beings  too  much  excited 
and  badly  nourished.  If  the  temperature  is  too  low,  the  ex- 
citement is  not  sufficient,  and  it  often  happens  that  the  seed 
cannot  resist  the  decay  induced  by  the  water  it  has  absorbed 
but  not  assimilated.  It  is  between  these  limits  that  a  suitable 
temperature  for  every  species  is  to  be  sought. 

Edwards  and  Colin  have  instituted  some  experiments  to 
determine  what  temperature  seeds  can  bear.  They  found  that 
Wheat,  Barley,  and  Rye  could  germinate  at  7°  Cent. 
44®6  Fahr.) ;  and  that  grain  of  the  same  description  did  not 
apparently  suffer  by  being  exposed  for  a  quarter  of  an  hour 
to  a  temperature  equal  to  freezing  mercury :  such  grains  were 
afterwards  placed  in  a  proper  situation,  and  germination  took 
place  as  usual.  Considering  that  the  particles  of  fcecula  of 
which  seeds  consist  are  not  liable  to  bursting  below  a  tem- 
perature of  75®  Cent  (167**  Fahr.),  tliese  observers  were  led 
to  ascertain  how  near  an  approach  to  this  extreme  tempera- 
ture might  be  made  without  destroying  vegetable  life.  Seeds  of 
various  cereal  and  leguminous  plants  were  placed  for  a  quarter  of 
an  hour  in  water  of  this  temperature,  and  they  were  all  killed ; 
five  minutes  were  afterwards  ascertained  to  suffice  for  the  de- 
struction of  three  in  five.  Less  elevated  temperatures  were  next 
experimented  on :  Wheat,  Barley,  Kidney  Beans,  and  Flax 
were  killed  in  27^  minutes  by  water  at  62''  Cent  (143'*6  Fahr.) 
a  few  grains  of  Rye  and  some  Beans  required  a  longer  expo- 
sure to  be  destroyed.  When  the  temperature  was  lowered  to 
52°  Cent  (125® 6  Fahr.)  most  of  the  seeds  in  experiment  re- 
tained their  vitality;  but  even  this  was  fatal  to  Barley, 
Kidney  Beans,  and  Flax. 

Fluid  water  has  conducting  powers  very  different  firom  those 
of  vapour  or  of  dry  air ;  it  was  thereupon  important  to  deter- 
mine whether  the  temperature  that  seeds  can  bear  is  regulated 
by  the*  nature  of  the  medium  in  wliich  they  are  exposed  to  it 
In  vapour  75®  Cent.  (167°  Fahr.)  were  sufficient  to  destroy 
such  seeds  as  were  exposed,  but  at  62®  Cent  (143°6  Fahr.) 
they  retained  their  vitality  after  having  been  under  experiment 
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for  a  quarter  of  an  hour.  But  in  dry  air  many  seeds  bore  the 
temperature  of  75^  Cent.  (167°  Fahr.)  for  a  quarter  of  an 
hour  without  inconvenience.  Hence  it  appears  that  seeds  in 
steam  can  bear  12**  Cent,  more  than  in  water,  and  in  dry  air 
13^  Cent,  more  than  in  steam. 

In  these  experiments  the  action  of  temperature  was  ex- 
tremely rapid.  In  lowering  the  temperature  and  prolong- 
ing its  action,  it  was  found  that  when  Wheat,  Rye,  and 
Barley  were  exposed  for  three  days  on  water  to  a  temperar 
ture  of  35*^  Cent.  (95*^  Fahr.),  four-fifths  of  the  Wheat 
and  Rye,  and  all  the  Barley,  were  killed.  Hence  it  would 
appear  that  35°  Cent,  form  the  highest  limit  of  temperature 
which  com  can  bear  under  such  circumstances.  But  in  sand 
or  earth  the  same  grains  sustained  a  prolonged  temperature  of 
40°  Cent.  (104°  Fahr.)  without  inconvenience;  at  45°  Cent. 
(113°  Fahr.)  a  great  part  perished ;  at  50®  Cent.  (122**  Fahr.) 
the  whole  of  them. 

These  remarkable  experiments  are  calculated  to  throw 
great  light  upon  the  cause  of  the  impossibility  of  making 
certain  plants  multiply  themselves  by  seeds  in  hot  countries. 
If  Wheat,  Barley,  &c.,  cannot  endure  a  prolonged  tempera- 
ture above  40°  Cent.,  and  the  temperature  of  the  soil  is  in 
some  countries  and  soils  as  high  as  60°  Cent.  (140®  Fahr.),  as 
Humboldt  asserts,  or  between  48°  and  53°  Cent.  (122^  Fahr.), 
even  in  some  parts  of  France,  as  Arago  states, — it  is  evident 
that  the  seeds  of  corn  placed  in  such  situations  will  perish. 

Exposed  to  the  influence  of  water,  heat  and  air,  the  parts 
of  a  seed  soften  and  distend ;  the  embryo  swells  and  bursts  its 
envelopes,  extending  the  neck  and  the  bases  of  the  cotyledons, 
and  finally  emitting  its  radicle,  which  pierces  the  earth,  de- 
riving its  support  at  first  from  the  cotyledons  or  albumen,  but 
subsequently  absorbing  nutriment  from  the  soil,  and  commu- 
nicating it  upwards  to  the  young  plant.  The  manner  in  which 
the  embryo  clears  itself  from  its  integuments  differs  in  various 
species :  sometimes  it  dilates  equally  in  all  directions,  and 
bursts  through  its  coat,  which  thus  becomes  ruptured  in  every 
direction ;  more  frequently  the  radicle  passes  out  at  the  hilum, 
or  near  it,  or  at  a  point  apparently  provided  by  nature  for 
that  purpose,  as  in  Canna,  Commelina,  &c.     If  the  radicle 
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has  a  coleorhiza  or  rootsheath,  this  is  soon  perforated  by  the 
radicle  contained  within  it,  which  passes  through  the  ex- 
tremity; as  in  grasses,  and  most  monocotyledonous  plants. 
The  cotyledons  either  remain  under  ground,  sending  up  their 
plumule  from  the  centre,  as  in  the  oak ;  or  from  the  side  of 
their  elongated  neck,  as  in  monocotyledons;  or  they  rise 
above  the  ground,  acquire  a  green  colour,  and  perform  the 
ordinary  functions  of  leaves,  as  in  the  radish  and  most  plants. 
In  the  Mangrove,  germination  takes  place  in  the  pericarp 
before  the  seed  &lls  frx)m  the  tree ;  a  long  thread-like  radicle 
is  emitted,  which  elongates  till  it  reaches  the  sofl  mud  in  which 
such  trees  usually  grow,  where  it  speedily  strikes  root,  and 
separates  from  its  parent.  Trapa  natans  has  two  very  unequal 
cotyledons ;  of  these,  the  larger  sends  out  a  very  long  petiole, 
to  the  extremity  of  which  are  attached  the  radicle,  the  plu- 
mule, and  the  smaller  cotyledon  (Mirbel).  Cyclamen 
germinates  like  a  monocotyledon:  its  single  cotyledon  does 
not  quit  the  seed  till  the  end  of  germination ;  and  its  radicle 
thickens  into  a  fleshy  knob,  which  roots  from  its  base  (Mirbel). 
The  Cuscnta,  which  has  no  cotyledons,  strikes  root  downwards, 
and  lengthens  upwards,  clinging  to  any  thing  near  it,  and 
performing  all  the  functions  of  a  plant  without  either  leaves 
or  green  colour.  In  monocotyledons  the  cotyledon  always 
remains  within  the  seminal  integuments;  while  its  base 
lengthens  and  emits  a  plumule.  In  Cycas,  which  has  two 
cotyledons,  the  seminal  int^uments  open,  and  the  radicle 
escapes. 

It  has  already  been  seen  that  under  certain  circumstances  the 
vitality  of  seeds  may  be  preserved  for  a  very  considerable 
length  of  time ;  but  it  is  difficult  to  say  what  are  the  exact 
conditions  under  which  this  is  effected.  We  learn  from  experi- 
ment that  seeds  will  not  germinate  if  placed  in  vaeuoj  or  in  an 
atmosphere  of  hydrogen,  nitrogen,  or  carbonic  acid ;  but  no 
such  conditions  exist  in  nature,  and,  therefore,  it  cannot  be 
they  which  have  occasionally  preserved  vegetable  vitality  in  the 
embryo  plant  for  many  years.  Perhaps  the  following  remarks, 
in  a  work  lately  published  by  the  Society  for  the  Diffusion  of 
Useful  Knowledge,  may  throw  some  light  upon  the  subject : — 

<<  It  may,  upon  the  whole,  be  inferred  from  the  duration  of 
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seeds  buried  in  the  earth,  and  from  other  circumstances,  that 
the  principal  conditions  are,  1.  uniform  temperature;  2  mo- 
derate dryness ;  and  3.  exclusion  of  light.     And  it  will  be 
found  that  the  success  with  which  seeds  are  transported  from 
foreign  countries  in  a  living  state  is  in  proportion  to  the  care 
and  skill  with  which  these  conditions  are  preserved.     For 
example,  seeds  brought  from  India,  round  the  Cape  of  Good 
Hope,  rarely  vegetate  freely :  in  this  case  the  double  expo- 
sure to  the  heat  of  the  equator,  and  the  subsequent  arrival  of 
the  seeds  in  cold  latitudes,  are  probably  the  causes  of  their 
death;  for  seeds  brought  overland  from  India,  and  therefore 
not  exposed  to  such  fluctuations  of  temperature,  generally 
succeed.     Others,   again,   which  cannot  be  conveyed  with 
certainty  if  exposed  to   the   air,    will   travel  in  safety  for 
many  months  if  buried  in  clay  rammed  hard  in  boxes :  in 
this  manner  only  can  the  seeds  of  the  Mango  be  brought 
alive  from  the  West  Indies ;  and  it  was  thus  the  principal  part 
of  the  Araucaria  Pines,  now  in  England,  were  transported 
from  Chile.     It  may  therefore  be  well  worth  consideration 
whether,  by  some  artificial  contrivance,  in  which  these  prin- 
ciples shall  be  kept  in  view,  it  may  not  be  possible  to  r€Kluce 
to  something  like  certainty  the  preservation  of  seeds  in  long 
voyages.     Such,  for  instance,  as  by  surrounding  them  by 
many  layers  of  non-conducting  matter,  as  case  over  case  of 
wood ;  or  by  ramming  every  other  space  in  such  cases  with 
clay  in  a  dry  state.     These  means  seem  more  likely  to  answer 
their  end  than  the  usual  modes  of  putting  seeds  in  bottles, 
packing  them  in  charcoal,  or  surrounding  them  by  coats  of 
wax  —  all  of  which,  it  is  well  known,  are  absolutely  prejudi- 
cial, instead  of  beneficial,  to  the  seeds.  In  illustration  of  what 
we  have  recommended,   we  may  add  that  seeds  are  well 
known  to  travel  best  in  their  own  pods,  or  pericarps ;  may 
we  not  suppose  that  their  vitality  is  preserved  in   such  in- 
stances by  the  non-conducting  quality  of  the  air  which  the 
cavities  of  the  fruit  contain  ?  " 
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CHAPTER  IX. 

OF   THE    FOOD    OF   PLANTS  —  MANURE. 

The  principal  part  of  the  food  of  plants  is  derived  from  the 
earth,  and  is  introduced  into  their  system  through  the  roots. 
The  latter  are,  however,  incapable  of  absorbing  anything 
soUd ;  fluid  and  gaseous  matter  only  can  pass  through  their 
spongelets.  It  is,  perhaps,  exclusively  in  the  form  of  water 
that  the  nutritive  matter  of  the  soil  is  received  by  roots ;  not, 
however,  of  pure  water,  which  in  fact  does  not  exist  in  nature, 
but  of  water  holding  various  solid  matters  in  solution,  the 
most  remarkable  and  abundant  of  which  ar^  silex,  lime,  and 
many  of  its  salts,  several  other  earths,  oxyde  of  iron,  and 
copper. 

These  substances,  however,  although  they  undoubtedly  each 
perform  their  allotted  part  in  the  economy  of  vegetation,  — 
consolidating  the  tissue,  hardening  the  cuticle,  or  assisting 
in  depriving  a  plant  of  organs  which  become  unhealthy  and 
worn  out,  —  cannot  be  altogether  considered  as  nutritive  mat- 
ter. There  are,  perhaps,  only  two  forms  of  matter,  which  can 
properly  be  called  nutritive ;  the  one  is  carbon,  the  other  water. 

Soil  in  its  natural  state  is  filled  with  the  remains  of  organic 
bodies,  which  decompose  and  become  converted  into  carbo- 
nic acid.  In  proportion  to  the  abundance  of  these  is  soil 
fertile.  The  carbonic  acid,  thus  incessantly  forming  below 
the  surface  of  the  earth,  enters  freely  into  the  roots ;  combining 
with  water  and  such  other  principles  as  may  already  have 
been  formed  there,  it  ascends  the  stem,  apparently  decompos- 
ing to  a  certain  extent  as  it  passes  along,  and  giving  its  oxygen 
to  the  spiral  vessels,  which  convey  it  into  other  parts  of  the 
system;  when  it  reaches  the  leaves,  it  liberates  its  oxygen 
completely,  and  leaves  its  carbon  to  combine  with  the 
tissue  of  vegetation,  or  to  enter  into  new  proportions  with 
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water,  atmospheric  air,  or  other  elements  that  it  finds  it- 
self in  contact  with  :  whence  proceed  the  gummy,  amylaceous, 
resinous,  oily,  and  other  products  peculiar  to  the  vegetable 
kingdom.  Upon  this  subject  it  has  been  observed  by  a  modem 
writer,  "that  if  the  roots  of  a  plant  are  placed  in  a  close  vessel,  in 
distilled  water,  from  which  carbonic  acid  has  been  carefully  ex- 
pelled, the  plant  may  increase  a  little  in  size,  in  consequence  of 
the  decomposition  of  the  water  and  the  combination  of  its  ele- 
ments with  the  vegetable  system;  but  it  is  only  when  carbonic 
acid  is  added  that  the  plant  acquires  its  natural  vigour  and 
rate  of  growth.  But  if  a  plant  is  placed  in  solid  carbon,  and 
you  water  it  with  distilled  water,  it  might  as  well  be  planted 
in  powdered  glass,  until  the  carbon  begins  to  combine  with 
the  oxygen  of  the  air,  and  to  form  carbonic  acid.  Sir  Hum- 
phrey Davy  placed  a  plant  of  Mint  in  water  mixed  with  carbon 
in  a  state  of  impalpable  powder,  and  he  found  that  not  a  par- 
ticle could  enter  the  roots.  If  we  look  to  the  effects  of 
manures,  we  shall  find  that  in  most  cases,  except  when  their 
object  is  to  alter  the  state  of  the  soil  mechanically,  or  to  act 
as  stimulants,  as  is  probably  the  case  with  sulphate  of  iron, 
their  energy  is  in  proportion  to  their  capability  of  forming 
carbonic  acid.  Yeast,  for  instance,  which  is  one  of  the  most 
active  manures  we  have,  is  so  from  possessing,  beyond  all 
other  substances,  the  power  of  exciting  fermentation,  and  thus 
of  causing  the  formation  of  carbonic  acid  among  the  vegetable 
matter  which  lies  buried  in  the  soil. 

"  While,  however,  all  experiments  combine  to  prove  that 
carbonic  acid  is  the  most  essential  of  the  elements  upon  which 
plants  are  nourished,  it  is  necessary  that  the  student  should 
be  aware  that  other  species  of  matter  are  constantly  taken 
into  the  system,  and  probably,  therefore,  contribute  to  their 
nutrition. 

"Water  is  one  of  these.  Although  we  know  that  a  very 
large  proportion  of  all  the  water  absorbed  by  a  plant  is  loet 
again  by  evaporation,  yet  the  experiments  of  Theodore  de 
Saussure  have  shown  that  a  portion  of  it  is  actually  solidified. 
He  found  that  when  plants  are  grown  in  a  close  vessel,  in  an 
artificial  atmosphere,  containing  a  little  carbonic  acid,  the 
weight  which  the  plant  acquired  in  a  given  time  was  aug- 
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mented,  not  only  by  the  quantity  of  carbon  produced  by  the 
decomposition  of  carbonic  acid,  but  to  a  much  more  consider- 
able extent,  which  could  only  be  ascribed  to  its  having 
fixed  a  considerable  quantity  of  water;  thus  plants  of  the 
Periwinkle,  which,  in  a  vessel  without  carbonic  acid,  had  gained 
1 J  grain  from  water,  acquired  5-fiy,  when  they  were  at  the  same 
time  able  to  procure  carbon.  The  same  excellent  observer 
has  computed,  that  if  we  calculate  with  the  utmost  care  all 
the  weight  which  a  plant  can  gain,  either  by  fixing  carbon,  or 
by  depositing  earthy,  saline,  alkaline,  and  metallic  matter 
which  it  borrows  from  the  soil,  or  by  respiring  oxygen,  or 
from  the  soluble  matter  of  soil,  we  shall  not  be  able  to  account 
for  more  than  a  twentieth  part  of  the  real  weight  of  such  a 
plant.  The  other  nineteen-twentieths  must,  therefore,  be 
fixed  water.  Whatever  errors  there  may  be  in  calculations 
of  this  nature,  there  cannot  be  a  doubt  that  they  are  correct 
to  so  considerable  an  extent  as  to  oblige  us  to  admit  that 
water  forms  a  considerable  part  of  the  solid  tissue  of  plants ; 
so  that  it  would  appear  that,  like  minerals,  plants  have  a  wa- 
ter of  crystallization  independently  of  their  water  of  vegetation. 

"  As  it  has  been  pretty  well  made  out  that  all  the  oxygen 
given  off  by  plants  is  produced  by  the  decomposition  of  car- 
bonic acid,  and  as  no  one  has  ever  been  able  to  detect  the 
emission  of  hydrogen  by  any  plants  except  Mushrooms,  it  is 
inferred  that,  if  the  water  which  is  consumed  by  plants  is  ever 
decomposed,  it  is  in  the  formation  of  the  various  secretions 
which  contain  more  oxygen  (acids),  or  more  hydrogen  (oils), 
than  water ;  but  as  the  greater  part  of  vegetable  substances, 
such  as  gum,  sugar,  fecula,  &c.,  contain  oxygen  and  hydrogen 
in  the  same  proportions  as  water,  it  can  hardly  be  doubted 
that  the  greater  part  is  undecomposed  and  simply  fixed. 

'^  It  was  formerly  thought  that  nitrogen,  or  azote,  has  no- 
thing to  do  with  the  nutrition  of  plants,  and  that  in  those  cases 
where  it  was  met  with  it  was  merely  in  a  state  of  separation 
from  the  atmospheric  air  which  had  been  inhaled  and  depriv- 
ed of  its  oxygen  and  carbonic  acid.  But  its  constant  presence 
in  combination  with  the  tissue  of  Mushrooms  and  of  Crucife- 
rous plants,  in  gluten,  and  what  chemists  call  vegetable  albu- 
men, and  also  in  vegetable  alkalies,  seems  a  sufficiently  strong 
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water,  atmospheric  air,  or  otiier  elements  tliat  it  finds  it- 
self in  contact  with  :  whence  proceed  the  gummy,  amylaceous, 
resinous,  oily,  and  other  products  peculiar  to  the  vegetable 
kingdom.  Upon  tliia  subject  it  has  been  observed  by  a  modem 
writer,  <*  that  if  the  roots  of  a  plant  are  placed  in  a  close  vessel,  in 
distilled  water,  from  which  carbonic  acid  has  been  carefully  e^ 
pelled,  the  plant  may  increase  a  little  in  size,  in  consequence  of 
the  decomposition  of  the  natcr  and  the  combination  of  its  ele- 
ments with  the  vegetable  system;  but  it  is  only  when  carbonic 
acid  is  added  that  the  plant  acquires  its  natural  vigour  and 
rate  of  growth.  But  if  a  plant  is  placed  in  solid  carbon,  and 
you  water  it  with  distilled  water,  it  might  as  well  be  planted 
in  powdered  glass,  until  tlie  carbon  begins  to  combine  with 
the  oxygen  of  the  air,  and  to  form  carbonic  acid.  Sir  Hum- 
phrey Davy  placed  a  plant  of  Mint  in  water  mixed  with  carbon 
in  a  state  of  impalpable  powder,  and  he  found  that  not  a  par- 
ticle could  enter  the  roots.  If  we  look  to  the  effects  of 
manures,  wc  shall  find  that  in  most  cases,  except  when  their 
object  is  to  alter  the  Etate  of  the  soil  mechanically,  or  to  act 
as  stimulants,  as  is  probably  the  case  with  sulphate  of  ux>n, 
their  energy  is  in  proportion  to  their  capabUity  of  forming 
carbonic  acid.  Yeast,  for  instance,  which  is  one  of  the  most 
active  manures  we  have,  is  so  fi-om  possessing,  beyond  all 
other  substances,  the  power  of  exciting  fermentation,  and  thus 
of  causing  the  formation  of  carbonic  acid  among  the  vegetable 
matter  which  lies  buried  in  the  soil. 

"  While,  however,  all  experiments  combine  to  prove  that 
carbonic  acid  is  tlie  most  essential  of  the  elements  upon  wliich 
plants  are  nourished,  it  is  necessary  that  the  student  should 
be  aware  that  other  species  of  matter  are  constantly  taken 
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mented,  not  only  by  the  quantity  of  carbon  produced  by  the 
decomposition  of  carbonic  acid,  but  to  a  much  more  consider- 
able extent,  which  could  only  be  ascribed  to  its  having 
fixed  a  considerable  quantity  of  water;  thus  plants  of  the 
Periwinkle,  which,  in  a  vessel  without  carbonic  acid,  had  gained 
If  grain  from  water,  acquired  5-ft,  when  they  were  at  the  same 
time  able  to  procure  carbon.  The  same  excellent  observer 
has  computed,  that  if  we  calculate  with  the  utmost  care  all 
the  weight  which  a  plant  can  gain,  either  by  fixing  carbon,  or 
by  depositing  earthy,  saline,  alkaline,  and  metallic  matter 
which  it  borrows  from  the  soil,  or  by  respiring  oxygen,  or 
from  the  soluble  matter  of  soil,  we  shall  not  be  able  to  account 
for  more  than  a  twentieth  part  of  the  real  weight  of  such  a 
plant.  The  other  nineteen-twentieths  must,  therefore,  be 
fixed  water.  Whatever  errors  there  may  be  in  calculations 
of  this  nature,  there  cannot  be  a  doubt  that  they  are  correct 
to  so  considerable  an  extent  as  to  oblige  us  to  admit  that 
water  forms  a  considerable  part  of  the  solid  tissue  of  plants ; 
so  that  it  would  appear  that,  like  minerals,  plants  have  a  wa- 
ter of  crystallization  independently  of  their  water  of  vegetation. 

^^  As  it  has  been  pretty  well  made  out  that  all  the  oxygen 
given  off  by  plants  is  produced  by  the  decomposition  of  car- 
bonic acid,  and  as  no  one  has  ever  been  able  to  detect  the 
emission  of  hydrogen  by  any  plants  except  Mushrooms,  it  is 
inferred  that,  if  the  water  which  is  consumed  by  plants  is  ever 
decomposed,  it  is  in  the  formation  of  the  various  secretions 
which  contain  more  oxygen  (acids),  or  more  hydrogen  (oils), 
than  water ;  but  as  the  greater  part  of  vegetable  substances, 
such  as  gum,  sugar,  fecula,  &c.,  contain  oxygen  and  hydrogen 
in  the  same  proportions  as  water,  it  can  hardly  be  doubted 
that  the  greater  part  is  undecomposed  and  simply  fixed. 

"  It  was  formerly  thought  that  nitrogen,  or  azote,  has  no- 
thing to  do  with  the  nutrition  of  plants,  and  that  in  those  cases 
where  it  was  met  with  it  was  merely  in  a  state  of  separation 
from  the  atmospheric  air  which  had  been  inhaled  and  depriv- 
ed of  its  oxygen  and  carbonic  acid.  But  its  constant  presence 
in  combination  with  the  tissue  of  Mushrooms  and  of  Crucife- 
rous plants,  in  gluten,  and  what  chemists  call  vegetable  albu- 
men, and  also  in  vegetable  alkalies,  seems  a  sufficiently  strong 
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proof  of  its  contributing,  in  some  way  or  other,  to  the  nutri- 
tion of  the  vegetable  system." 

Fixed  as  plants  are  to  the  soil,  deprived  of  volition,  and 
incapable  of  removing  their  highly  absorbent  roots  from  what 
is  hurtful  to  them,  except  with  extreme  slowness,  it  appears 
scarcely  probable  that  they  should  have  any  power  of  select- 
ing their  food ;  on  the  contrary,  the  facility  with  which  they 
are  poisoned  would  seem  to  confirm  the  correctness  of  the 
usual  supposition.  But,  if  roots  are  made  to  grow  in 
coloured  infusions,  it  is  said  that  they  take  up  only  the  co- 
lourless parts,  leaving  the  coloured  behind ;  and  we  know  that 
if  an  apple  tree  is  planted  in  a  piece  of  ground  in  which  an- 
other apple  tree  has  been  growing  many  years,  the  new  plant 
will  languish  and  become  unhealthy,  whatever  quantity  of 
manure,  that  is  of  new  food,  may  be  oiFered  to  its  roots.  This 
last  fact  is  accounted  for  upon  the  supposition  that  the  soil 
contains  some  peculiar  principles  which  are  necessary  to  the 
health  of  an  apple  tree,  and  that  the  old  tree,  having  selected 
for  its  own  consumption  all  that  the  soil  contained,  has  lefl 
none  behind  it  for  the  new  comer ;  but  the  probability  is  that 
this  hypothesis  is  untenable,  and  that  the  fact  is  to  be  ex- 
plained upon  very  different  principles  (see  Chap.  X.).  It  has 
been,  however,  demonstrated  by  Daubeny  that  plants  have,  to 
a  certain  extent,  a  power  of  selection  by  their  roots.  He 
found  that  when  barley  was  watered  with  distiUed  water,  con- 
taining in  every  two  gallons  two  ounces  of  nitrate  of  strontian, 
not  a  trace  of  that  earth  could  be  detected  in  the  ashes  of 
the  plants ;  and  when  Lotus  tetragonolobus  was  treated  in  a 
similar  manner,  excepting  that  only  two  ounces  of  nitrate  of 
strontian  were  dissolved  in  ten  gallons  of  distilled  water, 
although  the  whole  of  that  quantity  was  expended  upon  them, 
a  minute  examination  demonstrated  that  the  stems  contained 
no  trace  whatever  of  strontian,  although  a  small  portion  ap- 
peared to  be  present  in,  or  at  least  adherent  to,  the  roots.  By 
other  experiments  it  was  ascertained,  that  the  strontian  was 
not  in  these  cases  first  received  into  the  system,  and  afterwards 
rejected  through  the  roots ;  for  when  the  roots  of  a  Pelargonium 
were  divided  into  two  nearly  equal  bundles,  one  of  which 
had  its  extremity  immersed  in  a  glass*  containing  a  weak  sola- 
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tion  of  nitrate  of  sti'ontian,  the  other  in  one  containing  pure 
distilled  water,  after  the  lapse  of  a  week  the  water  in  the 
second  glass  was  tested,  but  no  strontian  could  be  discovered 
in  it,  although  a  single  grain  in  one  pint  would  have  been 
readily  detected.  Hence  it  appears,  "  that  plants  do  possess, 
to  a  certain  extent  at  least,  a  power  of  selection  by  their  roots, 
and  that  the  earthy  constituents  which  form  the  basis  of  their 
solid  parts  are  determined  as  to  quantity  by  some  primary 
law  of  nature,  although  their  amount  may  depend  upon  the 
more  or  less  abundant  supply  of  the  principles  presented  to 
them  from  without."  Linn.  Trans,  xvii.  266. 

It  must  be  obvious  that  the  exhaustion  of  soil  by  plants 
means  their  having  consmned  all  the  nutritive  particles  that 
it  contains.  Whether  this  means  all  particles  that  are  ca- 
pable of  forming  carbonic  acid,  is,  however,  not  so  certain : 
it  is  highly  probable  that  other  matters  ^re  equally  indispen- 
sable to  the  health  of  particular  plants ;  as,  for  example,  of  coth. 
Corn  cannot  remain  in  health  unless  it  has  the  power  of  at- 
tracting fluid  silex  from  the  earth,  and  of  consolidating  it  in 
its  cuticle.  It  is  to  be  supposed  that  the  presence  of  alkaline 
principles  in  the  soil  is  necessary  to  render  the  siliceous  mat- 
ter soluble ;  therefore,  to  exhaust  a  soil  of  alkaline  principles 
would  be  to  render  it  unfit  for  the  support  of  com ;  and,  con- 
sequently, alkaline  principles  may  be  considered  nutritive 
in  regard  to  com  :  and  so  of  other  things. 

Hence  arises  the  very  complicated  nature  of  the  theory  of 
manures,  and  the  seeming  impossibility  of  reducing  it  to  any 
fixed  and  intelligible  laws.  Ignorant  as  we  are  of  most  of  the 
more  obscure  phenomena  that  are  attendant  upon  vegetable 
life,  unacquainted  with  the  action  of  a  large  proportion  of  the 
principles  that  the  chemist  discovers  among  the  tissue  of  plants, 
and  incapacitated  by  our  limited  means  of  observation  from 
watching  any  except  the  most  obvious  and  general  properties 
of  living  vegetable  matter,  we  cannot  expect,  in  such  a  state  of 
things,  to  arrive  at  any  precise  ideas  as  to  what  kind  of  food 
or  stimulants  exercises  the  most  energetic  and  wholesome  in- 
fluence upon  plants.  I  accordingly  feel  no  surprise  at  the 
statement  of  a  friend  of  mine,  well  known  alike  for  his  agri- 
cultural skill,  his  chemical  knowledge,  and  his  remarkable 
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good  sense,  *^  that  chemistry  has  hardly  advanced  the  art  of 
agriculture  a  single  step,  but  that  the  latter  remains,  after  all 
the  investigations  of  the  chemists,  a  mere  empirical  art.** 

All  that  chemistry  can  be  said  to  have  ascertained  with 
regard  to  the  general  properties  of  manures  amoimts  to  this^ 
that  those  are  the  best  which  part  with  carbonic  acid  most 
slowly  and  steadily.  If  carbonic  acid  is  at  first  evolved 
rapidly,  plants  become  gorged,  as  it  were,  and  are  stimulated ; 
and  if,  as  is  usual  in  such  cases,  the  carbonic  acid  is  afterwards 
liberated  very  slowly,  they  become  starved.  This  is  especially 
the  case  with  animal  matter.  But,  according  to  Payen,  the 
addition  of  animal  charcoal  to  such  matter  moderates  its  de- 
composition :  at  first  this  mixture  yields  but  little  carbonic 
acid ;  but,  as  the  charcoal  becomes  saturated  with  the  pro- 
ducts ftunished  by  the  alteration  of  the 'decaying  matter,  the 
decomposition  of  the  latter  is  accelerated,  and  corresponds 
with  the  progress  of  vegetation. 

Those  who  wish  to  understand  the  modem  opinions  con- 
cerning the  action  of  manures  (properly:  so  caUed)  should 
consult  De  Candolle's  "  Physiologic,"  p.*  1278.,  and  some 
papers  by  Payen  in  the  "  Annales  des  Sciences  naturelles," 
voL  xxx^  &c« 
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CHAPTER  X. 

OF  DIGESTION,  RESPIRATION,   AND  THE  PECULIAR  SECRETIONS 

OF   PLANTS. 

After  the  food  is  received  into  the  system  of  a  plant,  it  is 
gpradually  conveyed  into  the  leaves,  where  it  becomes  decom- 
posed or  digested.  It  is  probable  that,  in  its  passage  through 
the  stem,  it  undergoes  some  kind  of  decomposition,  leaving 
a  portion  of  its  water  and  carbon  fixed  among  the  tissue;  but 
it  is  principally  in  the  leaves  that  it  is  altered.  By  the  time^ 
however,  that  it  has  arrived  in  these  organs,  it  is  by  no  means 
in  the  same  state  as  when  it  entered  the  roots ;  but  it  becomes 
altered  in  its  nature,  and  in  its  specific  gravity,  by  the  addi- 
tion of  what  soluble  matter  it  meets  with  in  its  progress,  —  as 
has  been  proved  experimentally  by  Knight. 

The  alteration  that  the  fluids  of  plants  undergo  in  their 
leaves  appears  to  consist  in  parting  with  superfluous  water 
by  evaporation ;  in  decomposing  carbonic  acid ;  and  in  assi- 
milating the  various  matters  which  are  left  behind.  The 
causes  of  these  actions  are  believed  to  be  light,  and  the  atmo- 
spheric dryness  which  light  produces. 

According  to  De  CandoUe,  it  is  light  alone  to  which  eva- 
poration and  the  secretion  of  fluids  by  the  roots  are  to  be  as- 
signed. He  says,  ^^  If  you  select  three  plants  in  leaf,  of  the 
same  species,  of  the  same  size,  and  of  the  same  strength,  and 
place  them  in  close  vessels,  one  in  total  darkness,  the  other  in 
the  difiused  light  of  day,  and  the  third  in  the  sunshine,  it  will 
be  found  that  the  first  pumps  up  very  little  water,  the  second 
much  more,  and  the  third  a  great  deal  more  than  either. 
These  results  vary  according  to  species  and  circumstances; 
but  it  imiformly  happens  that  plants  in  the  sun  absorb  more 
than  those  in  difiused  light,  and  the  latter  more  than  those  in 
darkness ;  the  last,  however,  pumping  up  something.  If,  again, 
we  take  three  similar  plants,  and,  preventing  their  absorption 
by  the  roots,  after  weighing  them  carefully,  place  them  in 
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three  similar  situations,  we  shall  find  that  that  exposed  to  the 
sun  has  lost  a  great  quantity  of  water,  that  in  common  day- 
light a  less  amount,  and  that  which  was  in  total  darkness 
almost  nothing." 

It  is,  however,  to  be  supposed  that  light  is  in  these  cases 
the  remote,  rather  than  the  immediate  cause,  of  evaporation : 
we  cannot  apply  solar  light  to  plants  without  heating  and 
rarefying  their  atmosphere,  and  it  is  the  comparative  dryness 
thus  produced  which  is  the  great  cause  of  evaporation  or  per- 
spiration. It  is  a  well  known  fact  that  plants  perspire  in  a 
sitting  room,  the  air  of  which  is  constantly  dry,  but  which  is 
but  imperfectly  illuminated,  so  much  more  than  in  the  open 
air  exposed  to  the  direct  rays  of  the  sun,  that  it  is  impossible 
to  keep  many  kinds  of  plants  alive  in  such  a  situation. 

Light  is,  however,  to  all  appearance  the  exclusive  cause  of 
the  decomposition  of  carbonic  acid.  It  was  long  since  re- 
marked by  Priestley,  that  if  leaves  are  immersed  in  water,  and 
placed  in  the  sun,  they  part  with  oxygen.  This  &ct  has  been 
subsequently  demonstrated  by  a  great  number  of  curious  ex- 
periments, to  be  found  in  the  works  of  Ingenhouz,  Saussure, 
Senebier,  and  others.  Saussure  found  that  plants  in  cloudy 
weather,  or  at  night,  inhaled  the  oxygen  of  the  surrounding 
atmosphere,  but  exhaled  carbonic  acid  if  they  continued  to 
remain  in  obscurity.  But,  as  soon  as  they  were  exposed  to 
the  rays  of  the  sun,  they  respired  the  oxygen  they  had  pre- 
viously inhaled,  in  about  the  same  quantity  as  they  received  it, 
and  with  great  rapidity.  Dr.  Gilly  found  that  grass  leaves 
exposed  to  the  sun  in  a  jar  for  four  hours  produced  the  fol- 
lowing effect :  — 

At  the  beginning  of  the  experiment 

there  were  in  the  jar :  — 
Of  nitrogen  -        -        -        10^7 
Of  carbonic  acid        -        *      5.7 
Ofoxy^n     -        -        -  2.793 

19X)00 


At  the  close  of  the  experiment  there 

were:  — 
Of  nitrogen  -        *        -        10.507 
Of  carbonic  add        -        -        .37 
Of  oxygen     -        -        -  7.79 

18.667 


Heyne  tells  us  that  the  leaves  of  Bryophyllum  calycinum, 
in  India,  are  acid  in  the  morning,  tasteless  at  noon,  and  bitter 
in  the  evening ;  Link  hi^iself  found  that  they  readily  stained 
litmus  paper  red  in  the  morning,  but  scarcely  produced  any 
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such  effect  at  noon.  The  same  phenomenon  is  said  also  to 
occur  in  other  plants,  as  Cacalia  ficoides,  Sempervivum 
arboreum,  &c.  This  stain  in  the  litmus  paper  could  not  have 
arisen  from  the  presence  of  carbonic  acid,  as  that  gas  will  not 
alter  blue  paper,  but  it  must  have  been  caused  by  the  oxygen 
inhaled  at  night  "  If,"  says  De  Candolle,  "  two  plants  are 
exposed,  one  to  darkness  and  the  other  to  the  sun,  in  close 
vessels,  and  in  an  atmosphere  containing  a  known  quantity 
of  carbonic  acid,  and  are  removed  at  the  end  of  twelve  hours, 
we  shall  find  that  the  first  has  diminished  neither  the  quantity 
of  oxygen  nor  of  carbonic  acid ;  and  that  in  the  second,  on 
the  contrary,  the  quantity  of  carbonic  acid  has  diminished, 
while  the  quantity  of  free  oxygen  has  increased  in  the  same 
proportion.  Or  if  we  place  two  similar  plants  in  closed  vessels 
in  the  sun,  the  one  in  a  vessel  containing  no  carbonic  acid,  and 
the  other  in  air  which  contains  a  known  quantity  of  it,  we  shall 
find  that  the  air  in  the  first  vessel  has  undergone  no  change, 
while  that  in  the  second  will  indicate  an  increase  of  oxygen 
proportioned  to  the  quantity  of  carbonic  acid  which  has  dis- 
appeared ;  and,  if  the  experiment  is  conducted  with  sufficient 
care,  we  shall  discover  tliat  the  plant  in  question  has  gained  a 
proportionable  quantity  of  carbon.  Therefore,  the  carbonic 
acid  which  has  disappeared  has  given  its  oxygen  to  die  air 
and  its  carbon  to  the  plant,  and  this  has  been  produced  solely 
by  the  action  of  solar  light" 

It  is  a  very  curious  circumstance,  however,  that  although 
the  direct  solar  rays  are  requisite  to  produce  a  decomposition 
of  carbonic  acid  in  plants  under  experiment,  yet  that  the 
most  feeble  diffused  light  of  day,  is  sufficient  to  produce  the 
result  more  or  less  in  a  natural  state.  Thus  we  find  that 
plants  growing  in  wells,  in  rooms  partially  darkened,  in  deep 
forests,  on  the  north  side  of  high  walls,  and  on  which  not  a 
single  ray  of  sunlight  ever  fell,  become  green,  and  often 
perform  all  their  functions,  without  much  apparent  incon- 
venience. Yet  De  Candolle  found  the  purest  daylight,  the 
brightest  lamp-light,  insufficient  to  bring  about  the  decompo- 
sition of  carbonic  acid. 

"  It  is  not  any  kind  of  water  in  which  oxygen  will  be  evolved 
in  the  sunshine ;  neithe^boiled  water,  nor  distilled  water,  nor 
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water,  atmospheric  air,  or  other  elements  that  it  finds  it- 
self in  contact  with  :  whence  proceed  the  gummy,  amylaceous, 
resinous,  oily,  and  other  products  peculiar  to  the  vegetable 
kingdom.  Upon  this  subject  it  has  been  observed  by  a  modem 
writer,  "that  if  the  roots  of  a  plant  are  placed  in  a  close  vessel,  in 
distilled  water,  from  which  carbonic  acid  has  been  carefully  ex- 
pelled, the  plant  may  increase  a  little  in  size,  in  consequence  of 
the  decomposition  of  the  water  and  the  combination  of  its  ele- 
ments with  the  vegetable  system;  but  it  is  only  when  carbonic 
acid  is  added  that  the  plant  acquires  its  natural  vigour  and 
rate  of  growth.  But  if  a  plant  is  placed  in  solid  carbon,  and 
you  water  it  with  distilled  water,  it  might  as  well  be  planted 
in  powdered  glass,  until  the  carbon  begins  to  combine  with 
the  oxygen  of  the  air,  and  to  form  carbonic  acid.  Sir  Hum- 
phrey Davy  placed  a  plant  of  Mint  in  water  mixed  with  carbon 
in  a  state  of  impalpable  powder,  and  he  found  that  not  a  par- 
ticle could  enter  the  roots.  If  we  look  to  the  effects  of 
manures,  we  shall  find  that  in  most  cases,  except  when  their 
object  is  to  alter  the  £tate  of  the  soil  mechanically,  or  to  act 
as  stimulants,  as  is  probably  the  case  with  sulphate  of  iron, 
their  energy  is  in  proportion  to  their  capability  of  forming 
carbonic  acid.  Yeast,  for  instance,  which  is  one  of  the  most 
active  manures  we  have,  is  so  fi*om  possessing,  beyond  all 
other  substances,  the  power  of  exciting  fermentation,  and  thus 
of  causing  the  formation  of  carbonic  acid  among  the  vegetable 
matter  which  lies  buried  in  the  soil. 

"While,  however,  all  experiments  combine  to  prove  that 
carbonic  acid  is  the  most  essential  of  the  elements  upon  which 
plants  are  nourished,  it  is  necessary  that  the  student  should 
be  aware  that  other  species  of  matter  are  constantly  taken 
into  the  system,  and  probably,  therefore,  contribute  to  their 
nutrition. 

"  Water  is  one  of  these.  Although  we  know  that  a  very 
large  proportion  of  all  the  water  absorbed  by  a  plant  is  loet 
again  by  evaporation,  yet  the  experiments  of  Theodore  de 
Saussure  have  shown  that  a  portion  of  it  is  actually  solidified* 
He  found  that  when  plants  are  grown  in  a  close  vessel,  in  an 
artificial  atmosphere,  containing  a  little  carbonic  acid,  the 
weight  which  the  plant  acquired  in  a  given  time  was  aug- 
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mented,  not  only  by  the  quantity  of  carbon  produced  by  the 
decomposition  of  carbonic  acid,  but  to  a  much  more  consider- 
able extent,  which  could  only  be  ascribed  to  its  having 
fixed  a  considerable  quantity  of  water;  thus  plants  of  the 
Periwinkle,  which,  in  a  vessel  without  carbonic  acid,  had  gained 
1}  grain  from  water,  acquired  5-fly,  when  they  were  at  the  same 
time  able  to  procure  carbon.  The  same  excellent  observer 
has  computed,  that  if  we  calculate  with  the  utmost  care  all 
the  weight  which  a  plant  can  gain,  either  by  fixing  carbon,  or 
by  depositing  earthy,  saline,  alkaline,  and  metallic  matter 
which  it  borrows  from  the  soil,  or  by  respiring  oxygen,  or 
from  the  soluble  matter  of  soil,  we  shall  not  be  able  to  account 
for  more  than  a  twentieth  part  of  the  real  weight  of  such  a 
plant.  The  other  nineteen-twentieths  must,  therefore,  be 
fixed  water.  Whatever  errors  there  may  be  in  calculations 
of  this  nature,  there  cannot  be  a  doubt  that  they  are  correct 
to  so  considerable  an  extent  as  to  oblige  us  to  admit  that 
water  forms  a  considerable  part  of  the  solid  tissue  of  plants ; 
so  that  it  would  appear  that,  like  minerals,  plants  have  a  wa- 
ter of  crystallization  independently  of  their  water  of  vegetation. 

^^  As  it  has  been  pretty  well  made  out  that  all  the  oxygen 
given  oiF  by  plants  is  produced  by  the  decomposition  of  car- 
bonic acid,  and  as  no  one  has  ever  been  able  to  detect  the 
emission  of  hydrogen  by  any  plants  except  Mushrooms,  it  is 
inferred  that,  if  the  water  which  is  consumed  by  plants  is  ever 
decomposed,  it  is  in  the  formation  of  the  various  secretions 
which  contain  more  oxygen  (acids),  or  more  hydrogen  (oils), 
than  water ;  but  as  the  greater  part  of  vegetable  substances, 
such  as  gum,  sugar,  fecula,  &c.,  contain  oxygen  and  hydrogen 
in  the  same  proportions  as  water,  it  can  hardly  be  doubted 
that  the  greater  part  is  undecomposed  and  simply  fixed. 

"  It  was  formerly  thought  that  nitrogen,  or  azote,  has  no- 
thing to  do  with  the  nutrition  of  plants,  and  that  in  those  cases 
where  it  was  met  with  it  was  merely  in  a  state  of  separation 
from  the  atmospheric  air  which  had  been  inhaled  and  depriv- 
ed of  its  oxygen  and  carbonic  acid.  But  its  constant  presence 
in  combination  with  the  tissue  of  Mushrooms  and  of  Crucife- 
rous plants,  in  gluten,  and  what  chemists  call  vegetable  albu- 
men, and  also  in  vegetable  alkalies,  seems  a  sufficiently  strong 
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water,  atmospheric  air,  or  other  elements  that  it  finds  it- 
self in  contact  with  :  whence  proceed  the  gummy,  amylaceous, 
resinous,  oily,  and  other  products  peculiar  to  the  vegetable 
kingdom.  Upon  this  subject  it  has  been  observed  by  a  modem 
writer,  "that  if  the  roots  of  a  plant  are  placed  in  a  close  vessel,  in 
distilled  water,  from  which  carbonic  acid  has  been  carefully  ex- 
pelled, the  plant  may  increase  a  little  in  size,  in  consequence  of 
the  decomposition  of  the  water  and  the  combination  of  its  ele- 
ments with  the  vegetable  system;  but  it  is  only  when  carbonic 
acid  is  added  that  the  plant  acquires  its  natural  vigour  and 
rate  of  growth.  But  if  a  plant  is  placed  in  solid  carbon,  and 
you  water  it  with  distilled  water,  it  might  as  well  be  planted 
in  powdered  glass,  until  the  carbon  begins  to  combine  with 
the  oxygen  of  the  air,  and  to  form  carbonic  acid.  Sir  Hum- 
phrey Davy  placed  a  plant  of  Mint  in  water  mixed  with  carbon 
in  a  state  of  impalpable  powder,  and  he  found  that  not  a  par- 
ticle could  enter  the  roots.  If  we  look  to  the  effects  of 
manures,  we  shall  find  that  in  most  cases,  except  when  their 
object  is  to  alter  the  state  of  the  soil  mechanically,  or  to  act 
as  stimulants,  as  is  probably  the  case  with  sulphate  of  iron, 
their  energy  is  in  proportion  to  their  capability  of  forming 
carbonic  acid.  Yeast,  for  instance,  which  is  one  of  the  most 
active  manures  we  have,  is  so  fi'om  possessing,  beyond  all 
other  substances,  the  power  of  exciting  fermentation,  and  thus 
of  causing  the  formation  of  carbonic  acid  among  the  vegetable 
matter  which  lies  buried  in  the  soil. 

"While,  however,  all  experiments  combine  to  prove  that 
carbonic  acid  is  the  most  essential  of  the  elements  upon  which 
plants  are  nourished,  it  is  necessary  that  the  student  should 
be  aware  that  other  species  of  matter  are  constantly  taken 
into  the  system,  and  probably,  therefore,  contribute  to  their 
nutrition. 

"  Water  is  one  of  these.  Although  we  know  that  a  very 
large  proportion  of  all  the  water  absorbed  by  a  plant  is  loet 
again  by  evaporation,  yet  the  experiments  of  Theodore  de 
Saussure  have  shown  that  a  portion  of  it  is  actually  solidified* 
He  found  that  when  plants  are  grown  in  a  close  vessel,  in  an 
artificial  atmosphere,  containing  a  little  carbonic  acid,  the 
weight  which  the  plant  acquired  in  a  given  time  was  aug- 
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mented,  not  only  by  the  quantity  of  carbon  produced  by  the 
decomposition  of  carbonic  acid,  but  to  a  much  more  consider- 
able extent,  which  could  only  be  ascribed  to  its  having 
fixed  a  considerable  quantity  of  water;  thus  plants  of  the 
Periwinkle,  which,  in  a  vessel  without  carbonic  acid,  had  gained 
1}  grain  from  water,  acquired  5^,  when  they  were  at  the  same 
time  able  to  procure  carbon.  The  same  excellent  observer 
has  computed,  that  if  we  calculate  with  the  utmost  care  all 
the  weight  which  a  plant  can  gain,  either  by  fixing  carbon,  or 
by  depositing  earthy,  saline,  alkaline,  and  metallic  matter 
which  it  borrows  from  the  soil,  or  by  respiring  oxygen,  or 
from  the  soluble  matter  of  soil,  we  shall  not  be  able  to  account 
for  more  than  a  twentieth  part  of  the  real  weight  of  such  a 
plant.  The  other  nineteen-twentieths  must,  therefore,  be 
fixed  water.  Whatever  errors  there  may  be  in  calculations 
of  this  nature,  there  cannot  be  a  doubt  that  they  are  correct 
to  so  considerable  an  extent  as  to  oblige  us  to  admit  that 
water  forms  a  considerable  part  of  the  solid  tissue  of  plants ; 
so  that  it  would  appear  that,  like  minerals,  plants  have  a  wa- 
ter of  crystallization  independently  of  their  water  of  vegetation. 

^^  As  it  has  been  pretty  well  made  out  that  all  the  oxygen 
given  oiF  by  plants  is  produced  by  the  decomposition  of  car- 
bonic acid,  and  as  no  one  has  ever  been  able  to  detect  the 
emission  of  hydrogen  by  any  plants  except  Mushrooms,  it  is 
inferred  that,  if  the  water  which  is  consumed  by  plants  is  ever 
decomposed,  it  is  in  the  formation  of  the  various  secretions 
which  contain  more  oxygen  (acids),  or  more  hydrogen  (oils), 
than  water;  but  as  the  greater  part  of  vegetable  substances, 
such  as  girni,  sugar,  fecula,  &c.,  contain  oxygen  and  hydrogen 
in  the  same  proportions  as  water,  it  can  hardly  be  doubted 
that  the  greater  part  is  undecomposed  and  simply  fixed. 

^^  It  was  formerly  thought  that  nitrogen,  or  azote,  lias  no- 
thing to  do  with  the  nutrition  of  plants,  and  that  in  those  cases 
where  it  was  met  with  it  was  merely  in  a  state  of  separation 
from  the  atmospheric  air  which  had  been  inhaled  and  depriv- 
ed of  its  oxygen  and  carbonic  acid.  But  its  constant  presence 
in  combination  with  the  tissue  of  Mushrooms  and  of  Crucife- 
rous plants,  in  gluten,  and  what  chemists  call  vegetable  albu- 
men, and  also  in  vegetable  alkalies,  seems  a  sufficiently  strong 
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province  of  Chemistry  rather  than  of  Botany,  need  not  be 
recapitulated  here.  It  will  be  more  useful  to  make  some 
general  observations  upon  the  practical  application  of  the 
physical  laws  we  have  been  examining. 

As  light  is  the  great  agent  by  which  the  decomposition, 
recomposition,  and  assimilation  of  the  juices  of  plants  take 
place,  and  as  it  must  be  obvious  that  the  intensity  of  the  action 
of  vegetable  secretions,  or  their  abundance,  will  depend  upon 
the  degree  of  their  elaboration,  it  follows  that  these  must  be 
in  direct  proportion  to  the  quantity  of  light  they  have  been 
exposed  to.  As  has  been  observed  by  the  author  of  the 
article  Botany,  in  the  "  Library  of  Useful  Knowledge,"  "  We  see 
in  practice  that  the  more  plants  are  exposed  to  light  when 
growing  naturally,  the  deeper  is  their  green,  the  more  robust 
their  appearance,  and  the  greater  the  abundance  of  their  odours 
or  resins ;  and  we  know  that  all  the  products  to  which  these  ap- 
pearances are  owing  are  highly  carbonized.  On  the  contrary, 
the  less  a  plant  is  exposed  to  sunlight,  the  paler  are  its 
colours,  the  laxer  its  tissue,  the  fainter  its  smell,  and  the 
less  its  flavour.  Hence  it  is  that  the  most  odoriferous  herbs 
are  found  in  greatest  perfection  in  places  or  countries  in  which 
the  sunlight  is  the  strongest  —  as  sweet  herbs  in  Barbary 
and  Palestine,  Tobacco  in  Persia,  and  Hemp  in  the  bright 
plains  of  extratropical  Asia.  The  Peach,  the  Vine,  and  the 
Melon,  also,  no  where  acquire  such  a  flavour  as  under  the 
brilliant  sun  of  Cashmere,  Persia,  Italy,  and  Spain. 

This  is  not,  however,  a  mere  question  of  luxury,  as  odour 
or  flavour  may  be  considered.  The  fixing  of  carbon  by  the 
action  of  light  contributes  in  an  eminent  degree  to  the  quality 
of  timber,  —  a  point  of  no  small  importance  to  all  countries. 

It  is  in  a  great  degree  to  the  carbon  incorporated  with  the 
tissue,  either  in  its  own  proper  form,  or  as  resinous  or  astrin- 
gent matter,  that  the  different  quality  in  the  timber  of  the 
same  species  of  tree  is  principally  owing.  Isolated  Oak 
trees,  fully  exposed  to  the  influence  of  light,  form  a  tougher 
and  a  more  durable  timber  than  the  same  species  growing  in 
dense  forests ;  in  the  former  case  its  tissue  is  solidified  by  the 
greater  quantity  of  carbon  fixed  in  the  system  during  its 
growth.      Thus   we  have  every  reason  to  believe  that  the 
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brittle  Wainscot  Oak  of  the  Black  Forest  is  produced  by  the 
very  same  species  as  produces  the  tough  and  solid  naval  timber 
of  Great  Britain.  Starch,  again,  in  which  carbon  forms  so  large 
a  proportion,  and  which,  in  the  Potato,  the  Cassava,  Com, 
and  other  plants,  ministers  so  largely  to  the  nutriment  of  man, 
depends  for  its  abundance  essentially  upon  the  presence  of 
light.  For  this  reason,  Potatoes  grown  in  darkness  are,  as 
we  say,  watery,  in  consequence  of  no  starch  being  developed  in 
them ;  and  the  quantity  of  nutritious,  or  amylaceous  matter 
they  contain  is  in  direct  proportion  to  the  quantity  of  light  to 
which  they  are  exposed.  For  this  reason,  when  orchard- 
ground  is  under-cropped  with  Potatoes,  the  quality  of  their 
tubers  is  never  good ;  because  the  quantity  of  light  intercept- 
ed by  the  leaves  and  branches  of  the  orchard-trees  prevents  die 
formation  of  carbon  by  the  action  of  the  sun's  rays  upon  the 
carbonic  acid  of  the  Potato  plant.  Mr.  Knight  has  turned 
his  knowledge  of  this  unquestionable  fact  to  great  account  in 
his  application  of  the  principles  of  vegetable  physiology  to  hor- 
ticultural purposes." 

That  the  intensity  of  light  does  in  fact  vary  most  mate- 
rially in  different  climates,  is  a  matter  of  inference  from  the 
difference  of  temperature.  But  it  never  has  been  actually 
measured,  to  my  knowledge,  by  any  one  except  Herschel, 
who,  in  a  communication  made  to  the  ^^  Athenaeum"  news- 
paper of  April  25.  1835,  speaks  of  an  instrument  called  an 
actinometer,  which  he  finds  extremely  sure  and  uniform  in 
its  indications.  This  instrument  gives  the  force  of  sunshine 
at  the  Cape  of  Good  Hope  as  48°75,  while  ordinary  good 
sunshine  in  England  is  only  from  25°  to  30°. 

The  principal  part  of  the  secretions  of  plants  is  deposited  in 
some  permanent  station  in  their  system;  as  in  the  roots  of 
perennials,  and  the  bark  and  heartwood  of  trees  and  shrubs. 
It  appears,  however,  that  they  have,  besides  this,  the  power  of 
getting  rid  of  superfluous  or  deleterious  matter  in  a  material 
form.  In  the  Limnocharis  Plumieri  there  is  a  large  pore  ter- 
minating the  veins  of  the  apex  of  the  leaf,  from  which  water  is 
constandy  distilled.  The  pitchers  of  Nepenthes,  which  are 
only  a  particular  kind  of  leaves,  secrete  water  enough  to  fill 
half  their  cavity.     But,  besides  this  more  subtle  fluid,  secre* 
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tions  of  a  grosser  quality  take  place  in  plants.  The  honey 
dew,  which  is  so  often  attributed  to  insects,  is  one  instance  of 
the  perspiration  of  a  viscid,  saccharine  substance ;  the  manna  of 
the  ash  is  another;  and  the  gum  ladanum  that  exudes  from  the 
Cistus  ladaniferus  is  a  third  instance  of  this  kind  of  perspiration. 
It  is,  however,  by  the  roots  that  the  most  remarkable  secretions 
are  voided. 

It  has  long  been  known  that  some  plants  are  inca- 
pable of  growing,  or  at  least  of  remaining  in  a  healthy  state, 
in  soil  in  which  the  same  species  has  previously  been  culti- 
vated. For  instance^  a  new  apple  orchard  cannot  be  made  to 
succeed  on  the  site  of  an  old  apple  orchard,  unless  some  years 
intervene  between  the  destruction  of  the  one  and  the  planting 
of  the  other :  in  gardens,  no  quantity  of  manure  will  enable 
one  kind  of  fruit-tree  to  flourish  on  a  spot  from  which  another 
tree  of  the  same  species  has  been  recently  removed ;  and  all 
farmers  practically  evince,  by  the  rotation  of  their  crops,  their 
experience  of  the  existence  of  this  law. 

Exhaustion  of  the  soil  is  evidently  not  the  cause  of  this,  for 
abundant  manuring  will  not  supersede  tlie  necessity  of  the 
usual  rotation.  The  celebrated  Duhamel  long  ago  remarked 
that  the  Elm  parts  by  its  roots  with  an  unctuous  dark-coloured 
substance ;  and,  according  to  De  CandoUe,  both  Humboldt 
and  Plenck  suspected  that  some  poisonous  matter  is  secreted 
by  roots;  but  it  is  to  Macaire,  who,  at  the  instance  of  the  first 
of  these  three  botanists,  undertook  to  inquire  experimentally 
into  the  subject,  that  we  owe  the  discovery  tliat  the  suspi- 
cion above  alluded  to  is  well  founded.  He  ascertained  that  all 
plants  part  with  a  kind  of  fsecal  matter  by  their  roots;  that  the 
nature  of  such  excretions  varies  with  species  or  large  natural 
orders:  in  Cichoraceee  and  Papaveraceae  he  found  that  the 
matter  was  analogous  to  opium,  and  in  Leguminosae  to  gum ; 
in  Graminese  it  consists  of  alkaline  and  earthy  alkalies  and 
carbonates,  and  in  Euphorbiaceee  of  an  acrid  gum-resinous 
substance.  These  excretions  are  evidently  thrown  off*  by  the 
roots  on  account  of  their  presence  in  the  system  being  dele- 
terious; it  was  also  found,  by  experiment,  that  plants  artificially 
poisoned  parted  with  the  poisonous  matter  by  their  roots.  For 
instance,  a  plant  of  Mercurialis  had  its  roots  divided  into  two 
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parcels,  of  which  one  was  immersed  in  the  neck  of  a  bottle 
filled  with  a  weak  solution  of  acetate  of  lead,  and  the  other 
parcel  was  plunged  into  the  neck  of  a  corresponding  bottle 
filled  with  pure  water.  In  a  few  days  the  pure  water  had 
become  sensibly  impregnated  with  acetate  of  lead.  This, 
coupled  with  the  well-known  fact  that  plants,  although  they 
generate  poisonous  secretions,  yet  cannot  absorb  them  by 
their  roots  without  death,  as,  for  instance,  is  the  case  with 
Atropa  Belladonna,  seems  to  shew  that  the  necessity  of  the 
rotation  of  crops  is  more  dependent  upon  the  soil  being 
poisoned  than  upon  its  being  exhausted. 

While  oxygen  and  carbon  are  thus  essential  to  vegetation 
when  not  administered  in  excess,  almost  all  other  gases  are 
more  or  less  deleterious. 

That  nitrogen,  per  se^  is  incapable  of  affording  any  support 
to  the  development  of  plants,  was  proved  by  Theodore 
de  Saussure,  who  found  that,  five  days  after  immersion  in 
pure  nitrogen,  the  buds  of  poplars  and  willows  were  in  a  state 
of  decay.  This  is  remarkable,  considering  how  large  a  pro^ 
portion  of  the  air  we  breathe  consists  of  nitrogen.  It  is,  how-, 
ever,  to  be  remarked,  that  this  is,  in  some  measure,  at  variance 
with  the  most  recent  experiments  of  the  same  admirable  ob-r 
server,  who  finds  that  germinating  seeds  in  all  cases  absorb 
nitrogen  more  or  less.  This,  he  says,  happens  sometimes  in  a 
very  remarkable  degree,  but  sometimes  so  slightly  that  it  might 
be  attributed  to  errors  in  observation  if  it  were  not  for  the 
constancy  of  the  results.  This  circumstance  cannot  be  ascribed 
to  simple  porosity;  for  germinating  seeds,  after  having  re- 
mained several  days  in  the  air,  or  for  a  time  sufficiently 
long  to  be  saturated  with  nitrogen,  still  continued  to  absorb  it* 
And,  upon  the  whole,  he  seems  inclined  to  ascribe  the 
apparent  incapability  of  leafy  plants  to  absorb  nitrogen  to  the 
artificial  conditions  under  which  the  experiments  were  con> 
ducted. 

Hydrogen  seems  to  act  unequally  upon  vegetation,  Saussure 
found  that  a  plant  of  Lythrum  salicaria,  after  five  weeks,  had 
caused  no  alteration  in  a  known  volume  of  hydrogen  by 
which  it  was  surrounde<^  and  had  not  itself  experienced  any 
apparent  effect.     Sir  Humphrey  Davy,  however,  states  that 
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some  plants  will  grow  in  an  atmosphere  of  hydrogen,  while 
others  quickly  perish  under  such  treatment. 

Drs.  Turner  and  Christison  found  that  so  small  a  quantity 
as  ygjy^^  of  sulphurous  acid  gas, — a  proportion  so  minute  as 
to  be  imperceptible  to  the  smell,  —  was  sufficient  to  destroy 
the  life  of  leaves  in  forty-eight  hours.  The  same  observers 
state,  in  an  excellent  paper  in  Brewster's  Journal  for  January, 
1828,  the  effects  of  other  gases  upon  plants.  I  much  regret 
that  want  of  space  prevents  my  giving  their  experiments  in 
detail :  the  results,  which  are  as  follows,  are  very  important* 
Hydrochloric  or  muriatic  acid  gas  was  found  to  produce 
effects  not  inferior,  —  nay,  even  superior,  —  to  those  of  the 
sulphurous  acid.  It  was  found  that  so  small  a  quantity  as  a 
fiflh  of  an  inch,  although  diluted  with  10,000  parts  of  air, 
destroyed  the  whole  vegetation  of  a  plant  of  considerable  size 
in  less  than  two  days.  "  Nay,  we  afterwards  found  that  a 
tenth  part  of  a  cubic  inch  in  20,000  volumes  of  air  had  nearly 
the  same  eflFects.  In  twenty-four  hours  the  leaves  of  a  labur- 
num were  all  curled  in  on  the  edges,  dry  and  discoloured ; 
and,  though  it  was  then  removed  into  the  air,  they  gradually 
shrivelled  and  died.  Like  the  sulphurous  acid,  the  hydro- 
chloric acid  gas  acts  thus  injuriously  in  a  proportion  which  is 
not  perceptible  to  the  smell.  Even  a  thousandth  part  of 
hydrochloric  acid  gas  is  not  distinctly  perceptible;  a  ten- 
thousandth  made  no  impression  on  the  nostrils  whatever, 
although  great  care  was  taken  to  dry  thoroughly  the  vessels 
used  in  making  the  mixtures." 

"  Chlorine  may  be  expected  to  have  the  effects  of  hydro- 
chloric acid  gas ;  and  so  indeed  it  has,  but  they  appear  to  be 
developed  more  slowly.  Two  cubic  inches  in  two  hundred 
parts  of  air  did  not  begin  to  affect  a  mignonette  plant  for  three 
hours ;  half  a  cubic  inch  in  a  thousand  parts  of  air  did  not 
injure  another  in  twenty-four  hours :  but  when  the  plants  did 
become  affected,  the  same  drooping,  bleaching,  and  desiccation 
were  observed." 

"  Nitrous  acid  gas  is  probably  as  deleterious  as  the  sul- 
phurous and  hydrochloric  acid  gases.  In  the  proportion  of  a 
hundred  and  eightieth,  it  attacked  the  leaves  of  a  mignionette 
plant  in  ten  minutes;  and  half  a  cubic  inch  in  700  volumes  of 
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air  caused  a  yellowish  green  discolouration  in  an  hour,  and, 
drooping  and  withering  in  the  course  of  twenty-four  hours. 
The  leaves  were  not  acid  on  the  surface." 

"  The  eflfects  of  sulphureted  hydrogen  are  quite  different 
from  those  of  the  acid  gases.  The  latter  attack  the  leaves  at 
the  tips  first,  and  gradually  extend  their  operation  towards 
the  leafstalks ;  when  in  considerable  proportion,  th/eir  effects 
began  in  a  few  minutes;  and  if  the  quantity  was  not  great, 
the  p§rts  not  attacked  generally  survived,  if  the  plants  were 
removed  into  the  air.  The  sulphureted  hydrogen  acts  dif- 
ferently ;  two  cubic  inches  in  230  times  their  volume  of  air 
had  no  effect  in  twenty-four  hours.  Four  inches  and  a  half  in 
eighty  volumes  of  air  caused  no  injury  in  twelve  hours ;  but, 
in  twenty-four  hours,  several  of  the  leaves,  without  being 
injured  in  colour,  were  hanging  down  perpendicularly  from 
the  leafstalks,  and  quite  flaccid;  and  though  the  plant  was 
then  removed  into  the  open  air,  the  stem  itself  soon  began 
also  to  droop  and  bend,  and  the  whole  plant  speedily  fell  over 
and  died.  When  the  effects  of  a  large  quantity,  such  as  six 
inches  in  sixty  times  their  volume,  were  carefully  \ratched,  it 
was  remarked  that  the  drooping  began  in  ten  hours,  at  once 
from  the  leafstalks;  and  the  leaves  themselves,  except  that 
they  were  flaccid,  did  not  look  unhealthy.  Not  one  plant 
recovered,  any  of  whose  leaves  had  drooped  before  it  was 
removed  into  the  air." 

"  The  efiects  of  ammonia  were  precisely  similar  to  those  of 
sulphureted  hydrogen  just  related,  except  that  after  the  leaves 
drooped  they  became  also  somewhat  shrivelled.  The  pro- 
gressive flaccidity  of  the  leaves ;  the  bending  of  them  at  their 
point  of  junction  with  the  footstalk,  and  the  subsequent  bend- 
ing of  the  stem ;  the  creeping,  as  it  were,  of  the  languor  and 
exhaustion  from  leaf  to  leaf,  and  then  down  the  stem,  —  were  * 
very  striking.  Two  inches  of  gas  in  230  volumes  of  air 
began  to  operate  in  ten  hours.  A  larger  quantity  and  pro- 
portion seemed  to  operate  more  slowly." 

^^  Cyanogen  appears  allied  to  the  two  last  gases  in  property, 
but  is  more  energetic.  Two  cubic  inches  diluted  with  280 
times  their  volume  of  air  afiected  a  mignonette  plant  in  five 
hours;  half  a  cubic  inch  in  700  volumes  of  air  affected  another 
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in  twelve  hours ;  and  a  third  of  a  cubic  inch  in  1700  volumes 
of  air  affected  another  in  twenty-four  hours.  The  leaves 
drooped  from  the  stem  without  losing  colour ;  and  removal 
into  the  air,  after  the  drooping  began,  did  not  save  the  plants. 

"  Carbonic  oxide  is  also  probably  of  the  same  class,  but  its 
power  is  much  inferior.  Four  cubic  inches  and  a  half,  diluted 
with  100  times  their  volume  of  air,  had  no  effect  in  twenty- 
four  hours  on  a  mignonette  plant.  Twenty-three  cubic  inches, 
with  five  times  their  volume  of  air,  appeared  to  have  a^  little 
effect  in  the  same  time ;  but  the  plant  began  to  droop  when  it 
was  removed  from  the  jar,  and  could  not  be  revived. 

^^  Olefiant  gas,  in  the  quantity  of  four  cubic  inches  and  a 
half,  and  in  the  proportion  of  a  hundreth  part  of  the  air,  had 
no  eflFect  whatever  in  twenty-four  hours. 

"  The  protoxide  of  nitrogen,  or  intoxicating  gas,  the  last  we 
shall  mention,  is  the  least  injurious  of  all  those  we  have  tried; 
indeed,  it  appears  hardly  to  injure  vegetation  at  all.  Seventy- 
two  cubic  inches  were  placed  with  a  mignonette  plant  in  a 
jar  of  the  capacity  of  500  cubic  inches  for  forty-eight  hours ; 
but  no  perceptible  change  had  taken  place  at  the  end  of  that 
time." 


While  this  sheet  was  passing  through  the  press,  I  have  received  Marcet's 
paper  on  the  effects  of  plants  not  coloured  green  upon  the  atmosphere.  It 
appears  from  carefully  conducted  experiments/'  that  mushrooms,  vegetating 
in  atmospheric  air,  produce  on  that  air  very  different  modifications  from 
those  of  green  plants  in  analogous  situations ;  in  fact,  that  they  vitiate  the 
air  promptly,  either  by  absorbing  its  oxygen  to  form  carbonic  acid  at  the 
expense  of  the  carbon  of  the  vegetable,  or  by  disengaging  carbonic  acid 
formed  in  various  ways.  That  the  modifications  which  the  atmosphere 
experiences  when  in  contact  with  growing  mushrooms  are  the  same  day  and 
night.  That  if  fresh  mushrooms  are  placed  in  an  atmosphere  of  pure 
oxygen,  a  great  part  of  that  gas  disappears  at  the  end  of  a  few  hours.  One 
portion  of  the  oxygen  which  is  absorbed  combines  with  the  carbon  of  the 
plant  to  form  carbonic  acid ;  whilst  another  part  appears  to  be  fixed  in  the 
vegetable,  and  to  be  replaced,  at  least  in  part,  by  nitrogen  disengaged  by 
the  mushroom.  That  when  fresh  mushrooms  remain  some  hours  in  an 
atmosphere  of  nitrogen,  they  modify  very  slightly  the  nature  of  that  gas. 
The  sole  effect  produced  is  confined  to  the  disengagement  of  a  small  quan- 
tity of  carbonic  acid,  and  sometimes  to  the  absorption  of  a  very  small  quan- 
tity of  nitrogen.** 
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OF   THE   CIRCULATION    OF   THE    SAP. 

Plants  have  certainly  no  general  circulation  of  their  juices 
analogous  to  that  of  the  blood  in  animals,  —  that  is  to  say, 
departing  and  returning  incessantly  from  and  to  one  common 
point.  But  that  their  fluids  have  a  motion  often  of  extreme 
rapidity,  is  proved  by  the  great  quantity  of  water  which  tliey 
perspire ;  all  of  which  must  be  replenished  by  aqueous  parti- 
cles in  rapid  motion  along  the  tissue  from  the  roots.  A  young 
vine-leaf,  in  a  hot  day,  perspires  so  copiously,  that,  if  a  glass  be 
placed  next  its  under  surface,  it  is  presently  covered  with 
dew,  which,  in  half  an  hour,  runs  down  in  streams.  Hales 
computed  the  perspiration  of  plants  to  be  seventeen  times 
more  than  that  of  the  human  body.  He  found  a  sun-flower 
lose  one  pound  four  ounces,  and  a  cabbage  one  pound  three 
ounces,  a  day  by  perspiration.  By  some  contrivances  of  glass 
tubes  and  a  mercurial  apparatus,  he  found  means  to  measure  the 
force  of  suction  in  particular  trees,  which  will  of  course  be  in 
proportion  to  the  amount  of  evaporation ;  and  he  ascertained 
that  an  apple  branch  3  feet  long  would  raise  a  column  of 
mercury  5^  inches  in  half  an  hour ;  a  nonpareil  branch  2 
feet  long,  with  20  apples  on  it,  12  inches  in  7  minutes ;  and 
the  root  of  a  growing  pear  tree  8  inches  in  6  minutes.  In 
short,  he  computed  that  the  force  of  motion  of  the  sap  is 
sometimes  five  times  greater  than  that  wliich  impels  the  blood 
in  the  crural  artery  of  the  horse.  Guettard  asserts  that  the 
young  shoots  of  Comus  mascula  lose  twice  their  own  weight  a 
day.  This  perspiration  is  regulated  in  part  by  the  number  of 
the  stomates,  and  in  part  by  the  thickness  of  the  cuticle : 
hence  evergreens,  in  which  the  stomates  are  small,  and  less 
numerous  than  in  deciduous  or  herbaceous  plants,  and  the 
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cuticle  thicker  and  harder,  perspire  much  less  than  other 
plants. 

That  a  motion  of  fluids  really  exists  in  plants  is,  therefore, 
undoubted.  It  is  most  rapid  in  the  spring  and  early  summer, 
and  most  languid  in  winter;  but  never  actually  suspended, 
unless  under  the  influence  of  frost.  This  has  been  demonstrated 
by  Biot,  who,  by  means  of  an  apparatus  described  in  the 
Institut  Newspaper,  succeeded  in  measuring  the  power  of 
motion  in  the  sap  of  roots,  in  witnessing  the  phenomena 
which  regulated  it,  and  in  determining  the  causes  that  brought 
about  the  phenomena. 

"  Atmospherical  circumstances,"  he  says,  "  and  especially 
the  absence  or  presence  of  solar  light,  exercise  a  marked  in- 
fluence upon  these  phenomena ;  but  it  is  exceedingly  difficult  to 
ascertain  their  exact  nature.  Nevertheless,  among  them  is 
one,  the  effects  of  which  are  so  constant  and  undoubted,  that 
they  appear  susceptible  of  being  defined.  This  consists  in  the 
sudden  appearance  of  frost  immediately  succeeding  mild  wea- 
ther, and  lasting  for  some  time.  Mild  weather  either  favours 
or  brings  about  the  ascent  of  the  sap ;  but  if  a  sudden  frost 
supervenes,  it  seizes  upon  the  part  of  the  trunk  swollen  with 
fluid,  and  forces  the  latter  to  fallback  again :  should  the  frost  con- 
tinue and  increase  in  severity,  the  earth  at  the  foot  of  the  tree 
freezes  ;  and  whether  at  that  time  the  roots  are  mechanically 
compressed  by  it,  or  whether  tlie  duration  of  the  cold  causes 
contraction  by  a  vital  action,  the  roots  commence  causing  a 
considerable  discharge  of  fluid  from  the  lower  part  of  the  ap- 
paratus. This  goes  on  night  and  day,  except  when  the  pipes  to 
carry  off  the  sap  are  frozen.  As  soon  as  a  thaw  comes  on  and 
the  earth  is  relaxed,  the  roots,  emptied  of  their  juices,  find 
themselves  below  their  point  of  saturation;  they  then  emit 
nothing,  but  on  the  contrary  absorb  the  descending  juices.  I 
satisfied  myself  of  this  not  only  by  my  apparatus,  but  in 
sawing  through  the  trunk  of  a  large  poplar  tree,  a 
yard  from  the  ground.  The  surface  of  the  section  of  the 
stump  was  dry,  but  that  of  the  trunk  itself  dripped  with 
water.** 

The  motions  of  the  sap  appears  to  be  of  two  kinds:  1.  ge^ 
nercd^  and  2.  special ;  these  must  be  carefully  distinguished. 
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The  former  is  what  has  been  alluded  to  in  the  preceding  ob- 
servations, tlie  latter  is  altogether  of  a  different  nature. 

With  regard  to  the  latter,  Corti,  in  1774,  Fontana,  L.  C. 
Treviranus,  and  especially  Amici,  have  made  some  most  cu- 
rious observations.  It  was  said  that  if  a  portion  of  Chara 
flexilis,  or  of  any  of  the  transparent  species,  or  of  any  crusta- 
ceous  kind,  the  opaque  cuticle  of  which  is  first  scraped  away, 
be  examined,  a  current  of  sap  will  be  distinctly  seen  in  each 
cellule  setting  from  joint  to  joint,  flowing  down  one  side  and 
returning  up  the  other,  without  any  membrane  intervening  to 
separate  the  opposing  currents ;  each  cellule  has  a  movement 
of  its  own,  independent  of  that  of  the  cellules  above  and  below 
it;  sometimes  the  movement  stops,  and  then  goes  on  again 
after  a  brief  interval ;  if  a  cellule  is  divided  into  two  by  a 
ligature  passed  round  it,  a  separate  movement  is  seen  in  each 
of  the  divisions ;  this  motion  is  rendered  distinctly  obvious  by 
tlie  numerous  minute  green  granules  which  float  in  the  trans- 
parent fluid,  and  which  follow  the  course  of  the  currents. 

The  observations  of  Amici  liave  been  verified  in  this  country 
chiefly  upon  species  of  Nitella ;  and  from  the  investigations  of 
Solly,  Varley,  and  Slack,  the  nature  of  the  phenomenon  has 
been  determined  with  considerable  precision. 

Among  other  things,  it  has  been  ascertained  that  in  Nitella 
the  currents  have  always  a  certain  relation  to  the  axis  of 
growth,  the  ascending  current  uniformly  passing  along  the 
side  of  the  cell  most  remote  from  the  axis,  and  the  descending 
current  along  the  side  next  the  axis. 

Similar  motions  have  been  seen  in  several  other  plants. 
In  the  cells  of  Hydrocharis  Morsus-Ranae  the  fluid  has  been 
observed  to  move  round  and  round  their  sides  in  a  rotatory 
manner,  which,  however,  has  not  been  seen  to  follow  any 
particular  law.  In  the  joints  of  the  hairs  of  Tradescantia 
virginica  several  currents  of  a  similar  nature  exist ;  and  in 
the  hair  of  the  corolla  of  a  species  of  Penstemon,  Slack 
has  observed  several  currents  taking  various  directions,  some 
continuing  to  the  summit  of  the  hair,  whilst  others  turn  and 
descend  in  various  places,  two  currents  frequently  uniting  in 
one  channel. 

It  may  hence,  possibly,  be  assumed  that  in  the  cells  of 
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plants,  when  filled  with  fluid,  there  is  a  veiy  general  rotatory 
movement,  which  is  confined  to  each  particular  cell.  This,  it 
is  obvious,  can  form  no  part  of  the  general  circulation  of  the 
system,  which  must  often  occur  with  great  rapidity,  and  which 
must  take  place  from  the  roots  to  the  extremities.  The  ro- 
tatory motion  may  perhaps  be  considered  a  sort  of  motion  of 
digestion,  and  connected  with  the  chemical  changes  which 
matter  undergoes  in  the  cells  from  the  united  action  of  light, 
heat,  and  air. 

Another  sort  of  motion,  which  it  is  probable  is  common  to 
all  descriptions  of  plants,  has  been  seen  by  Link  and  others, 
particularly  by  Schultz,  in  the  Chelidonium,  Ficus  carica,  and 
other  plants.  It  is  described  as  an  exceedingly  rapid  motion 
of  the  fluid,  which  rushes  out  of  one  set  of  vessels  into  another, 
in  a  constant  uninterrupted  stream.  This  has  been  denied, 
it  is  true,  by  Dutrochet ;  but  he  does  not  appear  to  have 
succeeded  in  seeing  that  which  is  nevertheless  visible  enough, 
if  proper  precautions  are  taken.  Meyer,  Mirbel,  and  Cassini 
confirm  the  statements  of  Schullz ;  and  to  their  testimony  I 
may  be  permitted  to  add  my  own.  In  Alisma  plantago,  and 
the  transparent  stipules  of  Ficus  elastica,  I  have  distinctly  seen 
powerful  currents,  such  as  are  described,  rushing  along  tubes, 
like  a  stream  of  water  down  an  inclined  channel.  It  is  never- 
theless extremely  doubtful  whether  this  is  a  special  move- 
ment. It  is  rather  to  be  considered  a  part  of  the  general 
system  of  circulation  of  the  fluids,  if  it  is  not  indeed  a  motion 
produced  by  the  rapid  emptying  of  wounded  intercellular  pas- 
sages. We  must  wait,  however,  for  the  appearance  of  tlie 
memoir  of  Schultz  upon  this  subject,  which  at  present  is  only 
known  by  the  report  upon  it  by  a  Committee  of  the  Institute. 

The  course  which  is  taken  by  the  sap  after  entering  a  plant,  id 
the  next  subject  of  consideration.  The  opinion  of  the  old 
botanists  was,  that  it  ascended  from  the  roots  between  the 
bark  and  the  wood:  but  this  has  been  long  disproved  by 
modern  investigators,  and  especially  by  the  experiments  of 
Knight.  If  a  trunk  is  cut  through  in  the  spring,  at  the 
time  the  sap  is  rising,  this  fluid  will  be  found  to  exude  more 
or  less  from  all  parts  of  the  surface  of  the  section,  except  the 
hardest  heart-wood,  but  most  copiously  from  the  alburnum. 
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If  a  branch  is  cut  half  through  at  the  same  season,  it  will  be 
found  that,  while  the  lower  face  of  the  wound  bleeds  copiously, 
scarcely  any  fluid  exudes  from  the  upper  face ;  from  which, 
and  other  facts,  it  has  been  fully  ascertained  that  the  sap  rises 
through  the  wood,  and  cliiefly  through  the  alburnum.  Ob- 
servations of  the  same  nature  have  also  proved  that  it  descends 
through  the  bark  and  liber.  But  the  sap  is  also  diflused 
laterally  through  the  cellular  tissue,  and  this  with  great  ra- 
pidity; as  will  be  apparent  upon  placing  a  branch  in  a 
coloured  infusion,  which  will  ascend  and  descend  in  the 
manner  just  stated,  and  will  also  disperse  itself  laterally  in  all 
directions  round  the  principal  channels  of  its  upward  and 
downward  route.  In  trees  this  lateral  transmission  takes 
place  chiefly  through  the  medullary  rays,  which  keep  up  a 
communication  between  the  bark  and  the  heart-wood,  and 
convey  to  the  latter  the  secretions  which  the  former  may  have 
received  from  the  leaves. 

With  regard  to  the  vessels  through  which  this  universal  dif- 
fusion of  the  sap  takes  place,  it  has  already  been  stated  that  its 
upward  course  is  always  through  the  woody  tissue,  and  partially 
also  through  the  vasiform  tissue ;  and  that  it  passes  downwards 
through  the  cellular  system  in  part,  and  the  woody  tissue  of 
the  bark  in  part.  But  there  can  be  no  reasonable  doubt  that 
it  is  also  dispersed  through  the  whole  system  by  means  of 
some  permeable  quality  of  the  membranes  of  the  cellular 
tissue,  which  is  invisible  to  our  eyes,  even  aided  by  the  most 
powerful  glasses.  It  has  also  been  suggested  that  the  sap  finds 
its  way  upwards,  downwards,  and  laterally  through  tlie  inter- 
cellular passages  which  exist  at  the  points  of  union  of  every 
individual  elementary  organ.  That  such  a  channel  of  com- 
municating the  sap  is  employed  by  Nature  to  a  certain  extent 
I  do  not  doubt,  especially  in  those  plants  in  which  tlie  inter- 
cellular passages  are  very  large ;  but  whether  this  is  a  universal 
law,  or  has  only  a  partial  operation,  is  quite  unknown,  and  is 
not  perhaps  susceptible  of  absolute  proof. 

The  accumtdatian  of  sap  in  plants  appears  to  be  attended 
with  very  beneficial  consequences,  and  to  be  deserving  of  tlie 
especial  attention  of  gardeners.  It  is  well  known  how  weak 
and  imperfect  is  the  inflorescence  of  the  turnip  tribe,  forced  to 
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flower  before  their  fleshy  root  is  formed ;  and  how  vigorous  it 
is  after  that  reservoir  of  accumulated  sap  is  completed. 
Knight,  in  a  valuable  paper  upon  this  subject,  remarks  that 
the  fruit  of  melons,  which  sets  upon  the  plant  when  very 
young,  uniformly  falls  off*;  while,  on  the  contrary,  if  not 
allowed  to  set  until  the  stem  is  well  formed,  and  much  sap 
accumulated  for  its  support,  it  swells  rapidly,  and  ripens 
without  experiencing  any  deficiency  of  food  in  the  course  of 
its  growth.  In  like  manner,  if  a  fruit  tree  is  by  any  circum- 
stance prevented  bearing  its  crop  one  year,  the  sap  that  would 
have  been  expended  accumulates,  and  powerfully  contributes 
to  the  abundance  and  perfection  of  the  fruit  of  the  succeeding 
year. 

The  cause  of  the  motion  of  the  sap  is  a  subject  which  has 
long  excited  great  curiosity,  and  has  given  rise  to  numberless 
conjectures.     It  was  for  a  long  time  believed  that  there  was  a 
sort  of  circulation  of  the  sap  of  plants,  to  and  from  a  common 
point,  analogous  to  that  of  the  blood  of  animals ;  but  this  was 
rendered  improbable  by  the  well-known  fact  that  a  plant  is 
more  analogous  to  a  polype  than  to  a  simple  animal ;  that  it 
is  a  congeries  of  vital  systems,  acting  indeed  in  concert,  but  to 
a  certain  degree  independent  of  each  other,  and  that  con- 
sequently it  has    myriads  of  seats  of  life.     It  was,  moreover, 
experimentally  disproved  by  Hales.    This  excellent  observer, 
whose  "  Statics  "  are  an  eternal  monument  of  his  industry 
and  skill,  thought  that  the  motion  of  the  sap,  the  rapidity  of 
which  he  had  found  to  be  greatly  influenced  by  weather,  de- 
pended upon  the  contraction  and  expansion  of  the  air,  which 
exists  in  great  quantities  in  the  interior  of  plants.     Others 
have  ascribed  the  motion  to  capillary  attraction.     Knight  was 
once  of  opinion  that  it  depended  upon  a  hygrometrical  pro- 
perty of  the  plates  of  silver  grain  (medullary  rays),  which 
traverse  the  stem  in  all  directions.     A  number  of  other  the- 
orists liave  called  to  their  aid  a  supposed  irritability  of  the 
vessels ;  but  no  contraction  of  the  vessels  has  ever  yet  been 
noticed,  except  under  the  influence  of  frost,  as  shown  by  Biot. 
Du  Petit  Thouars  suggests  that  it  arises  thus :  —  In  the  spring, 
as  soon  as  vegetation  commences,  the  extremities  of  the  branches 
and  the  buds  begin  to  swell :    the   instant  this    happens  a 
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certain  quantity  of  sap  is  attracted  out  of  the  circumjacent 
tissue  for  the  supply  of  those  buds ;  the  tissue,  which  is  thus 
emptied  of  its  sap,  is  filled  instantly  by  that  beneath  or  about 
it :  this  is  in  its  turn  replenished  by  the  next ;  and  thus  the 
whole  mass  of  fluid  is  set  in  motion,  from  the  extremities  of 
the  branches  down  to  the  roots.  Du  Petit  Thouars  is  there- 
fore of  opinion  that  the  expansion  of  leaves  is  not  the 
effect  of  the  motion  of  the  sap,  but,  on  the  contrary,  is  the 
cause  of  it ;  and  that  the  sap  begins  to  move  at  the  extremities 
of  the  branches  before  it  stirs  at  the  roots.  That  this  is  really 
the  fact,  is  well  known  to  foresters  and  all  persons  accus- 
tomed to  the  felling  or  examination  of  timber  in  the  spring ; 
and  to  gardeners  who  are  occupied  with  forcing  the  branches 
of  plants  in  winter,  while  their  trunks  are  exposed  to  the 
weather.  Some  good  observations  upon  tins  were  commu- 
nicated to  Loudon's  Gardener's  Magazine^  by  Mr.  Thom- 
son, gardener  at  Welbeck ;  who,  however,  drew  a  wrong 
inference  from  them. 

Dutrochet  has  formed  a  theory  of  all  the  motions  of  fluids 
in  plants  depending  upon  the  agency  of  galvanism.  He  found 
that  small  bladders  of  animal  and  vegetable  membrane,  being 
filled  with  a  fluid  of  greater  density  than  water,  securely 
fastened,  and  then  thrown  into  water,  acquired  weight;  he 
also  remarked,  that  if  the  experiment  was  reversed,  by  filling 
with  water  and  immersing  them  in  a  denser  fluid,  the  con- 
trary took  place,  and  that  the  bladders  lost  weight :  he  took 
a  small  bladder,  and  filled  it  with  milk,  or  gum  arabic  dis- 
solved in  water ;  to  the  mouth  of  this  bladder  he  adapted  a 
tube,  and  then  plunged  the  bladder  in  water :  in  a  short  time 
the  milk  rose  in  the  tube,  whence  he  inferred  that  water  had 
been  attracted  througli  the  sides  of  the  bladder.  This  experi- 
ment was  also  reversed,  by  filling  the  bladder  with  water,  and 
plunging  it  in  milk :  the  fluid  then  fell  in  the  tube,  whence  he 
inferred  that  water  had  been  attracted  through  tlie  coat  of  the 
bladder  into  the  milk.  From  these,  and  other  experiments, 
Dutrochet  arrived  at  the  inference,  that  if  two  fluids  of  un- 
equal density  are  separated  by  an  animal  or  vegetable  mem- 
brane, the  denser  will  attract  the  less  dense  through  the 
membrane   that  divides   them :    and  this   property  he  calls 
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erubsmose^  when  the  attraction  is  from  tlie  outside  to  the 
inside ;  and  exosmoscy  when  it  operates  from  the  inside  to  the 
outside.  In  pursuing  this  investigation  he  remarked,  that  if 
an  empty  bladder  is  immersed  in  water,  and  the  negative  pole 
of  a  Galvanic  battery  mtroduced  into  it,  while  the  positive 
pole  is  applied  to  the  water  on  the  outside,  a  passage  of  fluid 
takes  place  through  the  membrane,  as  had  previously  hap- 
pened when  the  bladder  contained  a  fluid  denser  than  water ; 
by  reversing  the  experiment,  the  reverse  was  found  to  take 
place :  from  all  which  Dutrochet  deduces  the  following  theory: 
— That  when  two  fluids  of  unequal  density  are  separated  by  an 
intervening  membrane,  the  more  dense  is  negatively  electri- 
fied, and  the  less  dense  positively  electrified ;  in  consequence 
of  which  two  electric  currents  of  unequal  power  set  through 
the  membrane,  carrying  fluid  with  them ;  that  which  sets  from 
the  positive  pole,  or  less  dense  fluid,  to  the  n^ative  pole,  or 
more  dense  fluid,  being  much  the  most  powerful :  and  that 
the  fluids  of  plants  being  more  dense  than  those  which  sur- 
round them,  a  similar  action  takes  place  between  them  and 
the  water  in  the  soil,  by  means  of  which  the  latter  is  con- 
tinually impelled  into  their  system.  Philosophers  do  not 
seem  disposed  to  admit  the  legitimacy  of  Dutrochet's  con- 
clusion, that  this  transmission  takes  place  by  means  of  galvanic 
agency ;  but  that  the  phenomenon  is  correctly  described  by 
the  ingenious  author,  and  that  it  is  constantly  operating  in 
plants,  is  beyond  all  dispute.  It  is  by  endosmose  that  vapour 
is  absorbed  from  the  atmosphere,  and  water  from  the  earth ; 
that  sap  is  attracted  into  fruits  by  virtue  of  their  greater  density; 
and  probably  that  buds  are  enabled  to  empty  the  tissue  that 
surrounds  them  when  they  begin  to  grow :  it  will,  perhaps,  be 
found  the  most  ready  explanation  of  most  of  the  phenomena 
connected  with  the  movement  of  fluids  in  plants. 
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CHAPTER  XII. 

OF   THE    DIRECTIONS   TAKEN    BY   THE    ORGANS   OF    PLANTS. 

The  substance  of  all  that  is  known  upon  this  subject  has 
been  combined  with  some  excellent  observations  of  his  own 
by  Dutrochet  in  a  memoir,  of  which  I  shall  avail  myself 
in  the  following  remarks :  — 

"The  general  phenomena  of  nature,"  says  this  writer,  "which 
are  daily  before  our  eyes,  are  often  those  which  mankind  con- 
siders the  least  attentively.  Those  who  are  unaccustomed  to 
reflect  upon  such  subjects  can  scarcely  believe  that  there  is 
any  very  extraordinary  mystery  in  the  ascent  of  the  stems  of 
vegetables,  or  in  the  descent  of  their  roots ;  and  yet  this  is 
one  of  the  most  curious  circumstances  connected  with  vegeta- 
ble life.  The  downward  direction  of  the  roots  may  appear 
easy  of  explanation  :  it  may  be  said  that,  like  all  other  bodies, 
they  have  a  tendency  towards  the  centre  of  the  earth,  in 
consequence  of  the  known  laws  of  gravity  (as  is  the  opinion 
of  Knight,  in  Phil.  Trans,  for  1806) ;  but  on  what  principle, 
then,  is  to  be  explained  the  upward  tendency  of  the  stem, 
which  is  in  direct  opposition  to  those  laws  ?  And  here  lies  the 
difficulty.  Dodart  is  the  first  who  appears  to  have  paid  atten- 
tion to  this  circumstance ;  he  pretends  to  explain  the  turning 
backwards  of  seeds  sown  in  an  inverted  position  by  the  fol- 
lowing hypothesis :  he  assumed  that  the  root  is  composed  of 
parts  that  contract  by  humidity ;  and  that  the  stem,  on  the 
contrary,  contracts  by  dryness.  For  this  reason,  according 
to  him,  it  ought  to  happen  that,  when  a  seed  is  sown  in  an 
inverted  position,  the  radicle  will  turn  back  towards  the  earth, 
which  is  the  seat  of  humidity ;  and  that  the  plumula,  on  the 
contrary,  turns  to  the  sky,  or  rather  atmosphere, — a  drier  me- 
dium than  the  earth.    The  experiments  of  Du  Hamel  are  well 
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known,  in  which  he  attempted  to  force  a  radicle  upwards  and 
a  plumula  downwards,  by  enclosing  them  in  tubes,  which 
prevented  the  turning  back  of  these  parts.  It  was  found  that, 
as  the  radicle  and  plumula  could  not  take  their  natural  direc- 
tion, they  became  twisted  spirally.  These  experiments,  while 
they  prove  that  the  opposite  tendencies  of  the  radicle  and 
plumula  cannot  be  altered,  still  leave  us  in  ignorance  of  the 
cause  of  such  tendencies.  We  are  equally  ignorant  of  the 
cause  of  the  directions  of  the  leaves.  Bonnet  believed  that  he 
could  explain  that  phenomenon  upon  the  hypothesis  of  Do- 
dart  just  referred  to,  with  respect  to  the  radicle  and  plumula. 
According  to  him,  the  lower  surface  of  the  leaves  is,  like  the 
radicle,  composed  of  fibres  which  contract  by  humidity ;  and 
the  upper,  like  the  plumula,  of  fibres  that  contract  by  dryness. 
As  a  proof  of  these  assertions.  Bonnet  manufactured  some 
artificial  leaves ;  the  upper  surface  of  which  was  parchment, 
which  contracts  by  dryness,  and  the  lower  of  linen,  which 
relaxes  by  moisture.  These  leaves  were  submitted  to  tlie 
action  of  dryness  and  humidity ;  and  Bonnet  found  they  were 
affected  much  in  the  same  way  as  true  leaves,  —  so  easy  is  it 
to  find  proofs  to  support  a  favourite  hypothesis.^ 

In  consequence  of  the  unsatisfactory  nature  of  these  and 
other  theories,  more  modern  physiologists  have  been  satisfied 
with  inscribing  the  particular  directions  taken  by  plants 
among  the  vital  phenomena  of  vegetation.  And  this  is,  perhaps, 
as  much  as  we  are  likely  to  ascertain  relating  to  it,  and 
all  similar  manifestations  of  the  overruling  power  of  nature. 
Dutrochet,  however,  being  of  opinion  tliat  some  more  direct 
explanation  of  this  phenomenon  is  to  be  found,  instituted  a 
variety  of  experiments  of  a  novel  kind.  "  Seeing,"  he  remarks, 
"  that  the  stem  is  always  directed  towards  heaven,  and  the 
roots  towards  the  earth,  we  cannot  but  believe  tliat  there  is 
some  relation  between  the  cause  of  gravitation  and  that  of 
the  life  of  vegetables :  the  constant  direction  of  the  stem 
towards  the  light  leads  us  also  to  suppose  that  this  agent  per- 
forms some  important  part  in  determining  the  directions  of 
the  parts  of  plants.  The  stem  must  be  placed  in  the  midst 
of  the  atmosphere  in  order  to  develope  itself;  the  roots, 
on  the  contrary,  require  to  lie  within  the  earth.     Hence,  it 
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may  be  interred  that  several  causes  concur  to  produce  the 
phenomena  in  question." 

Dutrochet  filled  with  earth  a  box,  the  bottom  of  which  was 
perforated  with  many  holes :  he  placed  seed  of  the  kidney- 
bean  in  these  holes,  and  suspended  the  box  in  the  air,  at 
about  eighteen  feet  from  the  earth.  Here  the  seeds,  being 
placed  in  holes  pierced  through  the  bottom  of  the  box, 
received  the  influence  of  the  atmosphere  and  light  from  below ; 
while  the  humid  earth  was  placed  above  them.  If  the  cause 
of  the  different  directions  of  the  radicle  and  plumule  con- 
sisted m  an  affinity  of  the  former  for  humidity,  and  of  the 
latter  for  the  atmosphere,  the  radicle  ought  to  shoot  upwards, 
and  the  plumule  downwards;  but  this  did  not  take  place. 
The  radicles,  on  the  contrary,  found  their  way  downwards 
out  of  the  box  into  the  atmosphere,  where  they  quickly  dried 
up  and  perished ;  and  the  plumules  forced  their  way  back- 
wards into  the  earth.  This  experiment  was  afterwards 
modified,  by  increasing  tlie  quantity  of  eartli  above  the  seeds, 
and  by  some  other  contrivances ;  but  the  result  was  always 
the  same :  it  was  uniformly  found,  that  there  was  no  affinity 
between  the  radicle  and  the  seat  of  moisture  sufficient  to 
counteract  the  natural  downward  tendency  of  the  roots.  It 
was  also  inferred,  that  there  existed  no  more  positive  affinity 
between  the  stems  and  the  atmosphere  than  between  the  roots 
and  water. 

There  are  certain  parasitic  plants  which  strike  their  roots 
into  the  stems  of  other  plants,  and  which  always  grow  at 
right  angles  with  the  stem  to  which  they  are  fixed.  The 
seed  of  the  miseltoe  will  germinate  in  any  direction,  either 
upwards,  downwards,  or  laterally.  The  first  movement  made 
by  this  plant  consists  in  an  extension  of  its  caulicule  which 
derives  its  support  from  the  cotyledons,  and  which  terminates 
at  the  radicular  end,  in  a  small  green  tubercle  of  a  paler 
colour  than  the  radicle  itself.  When  tlie  seed  is  fixed  upon 
a  branch  by  its  natural  glue,  this  incipient  movement  is 
effected  at  right  angles  with  the  branch ;  the  young  shoot  is 
then  curved  backwards,  and  the  radicular  extremity  descends 
to  the  surface  of  the  branch,  to  which  it  adheres  by  expanding 
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into  a  kind  of  disk.  From  this  expansion  the  roots  are 
emitted,  and  penetrate  the  interior  of  tlie  branch  whereon 
the  seed  of  the  miseltoe  is  fixed :  its  stem  takes  tlie  directions 
above  mentioned  with  reference  to  the  centre  of  the  branch  on 
which  it  is  fixed,  and  not  with  reference  to  the  earth ;  so  that, 
with  regard  to  the  latter,  it  is  sometimes  ascending,  some- 
times descending,  sometimes  horizontal.  The  same  pheno- 
mena occur  if  the  germination  takes  place  upon  dead  wood 
or  inorganic  substances  :  a  number  of  seeds  were  glued  to  the 
surface  of  a  cannon  ball ;  all  the  radicles  were  directed 
towards  the  centre  of  the  ball.  Hence  it  is  obvious  that  the 
tendency  of  the  miseltoe  is  not  towards  the  sur&ce  of  its 
nutrition,  but  it  obeys  the  attraction  of  the  body  upon  which 
it  grows.  The  miseltoe,  which  does  not  grow  on  the  earth, 
obeys  the  attraction  of  any  other  body ;  while  those  plants 
which  naturally  grow  in  the  earth  obey  no  other  attraction 
than  that  of  the  earth.  Parasitical  fungi,  those  which  con- 
stitute mouldiness ;  aquatics,  which  originate  on  stones,  —  all 
grow  perpendicular  to  the  body  that  produces  them,  and  will 
therefore  be  placed  in  all  kinds  of  positions  with  respect  to  the 
earth. 

The  tendency  downwards  of  the  roots,  and  upwards  of  the 
stem,  is  chiefly  observable  in  the  ascending  and  descending 
caudex ;  that  is  to  say,  in  the  axis  of  the  vegetable  considered 
as  a  whole.  The  lateral  emissions  of  this  axis  always  deviate 
from  its  direction  in  a  greater  or  less  degree :  we  know  that 
the  roots  produced  by  the  tap  root,  and  the  branches  which 
proceed  from  the  side  of  the  principal  stem,  scarcely  ever 
take  a  direction  absolutely  vertical.  This  is  probably  due  to 
several  causes,  one  of  which  is  undoubtedly  the  general  ten- 
dency of  all  the  parts  of  plants  to  take  a  direction  perpen- 
dicular to  the  plane  of  the  body  on  which  they  grow.  The 
branches  of  trees  are  to  those  which  produce  them  what  the 
miseltoe  is  to  the  branch  on  which  it  vegetates  :  but,  as  there 
is  a  double  attraction  operating  upon  all  branches, — that  is  to 
say,  an  attraction  towards  the  stem  and  an  attraction  upwards, 
in  consequence  of  the  general  law  to  which  they  all  submit,  -^^ 
it  results  that  a  middle  direction  is  taken,  and,  instead  of  one 
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branch  continuing  to  grow  at  right  angles  with  another,  it 
soon  abandons  that  direction,  and  points  its  extremity  towards 
the  sky. 

It  has  been  hitherto  seen,  that  the  roots  of  vegetables  are 
positively  attracted  by  the  body  on  which  they  grow ;  it  ap- 
pears, however,  from  the  following  experiment,  that  this 
attraction  is  influenced  essentially  by  the  mass  of  the  body. 
Thus,  if  a  seed  of  miseltoe  is  made  to  vegetate  on  a  thread, 
the  radicle  turns  itself  in  all  sorts  of  ways,  and  exhibits  no 
signs  of  attraction  to  the  thread.  Dutrochet  made  a  seed  of 
miseltoe  germinate  on  a  thread :  he  then  glued  it  upon  one  of 
the  points  of  a  fine  needle,  fixed  like  that  of  a  compass, 
balancing  it  by  a  bit  of  wax  at  the  other  end  of  the  needle : 
he  next  placed  a  piece  of  wood  at  about  half  a  line  distance 
from  the  radicle;  and  then  covered  the  whole  apparatus  with 
a  glass,  placed  under  such  conditions  that  it  was  impossible 
that  any  cause  could  move  the  needle  :  in  five  days  the 
embryo  began  to  bend,  and  direct  its  radicle  towards  the  bit 
of  wood  without  the  needle's  changing  its  position,  although 
it  was  extremely  moveable  upon  its  centre :  in  two  days  more 
the  radicle  was  directed  perpendicularly  to  the  bit  of  wood 
with  which  it  h^d  come  in  contact,  and  still  the  needle  had 
not  stirred.  This  proves,  says  Dutrochet,  that  the  direction 
of  the  radicle  of  the  miseltoe  towards  a  neighbouring  body 
is  not  the  immediate  result  of  any  attraction  on  the  part  of 
such  a  body;  but  that  it  is  the  result  of  a  spontaneous 
movement  of  the  embryo,  in  consequence  of  the  attracting 
influence  exerted  upon  its  radicle,  which  is  thus  the  mediate 
or  occasional  cause  of  the  phenomenon.  It  is  obvious,  indeed, 
that  the  inflexion  of  the  stem  of  the  embryo  of  the  miseltoe 
could  not  be  due  to  the  immediate  attraction  on  the  part  of 
the  bit  of  wood ;  for  an  exterior  power  sufficient  to  produce 
this  inflexion  would  much  more  readily  have  produced  a 
change  in  the  direction  of  the  needle,  to  one  of  whose  points 
the  seed  was  fixed ;  there  can,  therefore,  be  no  doubt  that 
the  movement  was  spontaneous;  that  is  to  say,  that  it  was 
caused  by  an  internal  vital  cause,  put  in  action  by  the  influence 
of  an  exterior  agent.  This  spontaneous  direction  of  the 
radicle  of  the  miseltoe  under  the  influence  of  attraction  proves 
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incontestably  that  attraction  only  influenced  its  nervous  powers, 
and  not  its  ponderable  matter :  and  the  same  is  undoubtedly 
the  case  with  terrestrial  plants.  The  unknown  power  of  at- 
traction is  only  the  accidental  cause  of  the  ascent  of  the  stem, 
and  of  the  descent  of  the  roots,  and  not  the  immediate  cause  : 
in  this  case,  attraction  only  operates  as  an  agent  for  exciting 
nervous  action.  Other  evidence  exists  to  confirm  most  in- 
contestably this  important  conclusion,  that  the  visible  move- 
ments of  vegetation  are  all  spontaneous ;  being  brought  into 
action  by  the  influence  of  an  external  agent,  but  not  move- 
ments originating  with  that  agent. 

Light  is  another  cause  of  no  less  power  than  that  just  de- 
scribed :  it  is  well  known  that  a  plant,  placed  in  a  room  from 
which  the  light  is  excluded,  except  at  a  single  aperture, 
directs  its  stem  and  leaves  towards  that  aperture,  and  no 
longer  takes  a  perpendicular  position.  This  is  accounted  for 
by  De  CandoUe  as  follows:  —  Let  any  one  expose  a  green 
branch  in  such  a  manner  tliat  light  strikes  it  only  on  one 
side ;  the  tissue  of  that  side  will  fix  most  carbon,  will  become 
harder,  and  will  lengtlien  less ;  while  the  opposite  will  fix  less 
carbon,  be  less  hard,  and  will  lengthen  more ;  the  consequence 
of  which  will  be,  that  the  illuminated  side  will  contract,  and 
pull  the  branch  towards  the  light.  This,  if  rightly  considered, 
will  of  itself  explain  tlie  uniform  tendency  of  the  green  parts 
of  plants  to  turn  towards  the  light;  and  if  it  will  not  account 
for  such  phenomena  as  that  of  the  sunflower  turning  its  flowers 
constantly  to  the  sun,  and  following  him  in  his  course,  as  we 
find  repeated  by  author  after  author,  that  circumstance  is 
ascribable  not  to  any  defect  in  the  explanations  tliat  have  just 
been  given,  but  to  the  alleged  phenomenon  having  no  existence  in 
nature.  The  same  tendency  of  the  stems  towards  the  light 
takes  place  in  the  open  air.  As  light  is  difiiised  nearly 
equally  around  all  bodies  exposed  to  it,  carbonic  acid  will  be 
decomposed  equally  on  all  sides,  and  the  various  parts  will 
naturally  assume  a  direction  towards  the  heavens;  so  that 
light  thus  becomes  an  aid  to  gravitation.  It  might  even  be 
believed  that  light  alone  was  a  sufficient  cause  of  the  perpen- 
dicular position  of  the  stems  of  vegetables,  if  experience  did 
act  prove  the  contrary.    Dutrochet  laid  horizontally  on  the 
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ground,  in  a  dry  and  dark  place,  the  stems  of  Allium  cepa 
and  Allium  porrum,  taken  up  with  their  bulbs.  These  plants, 
aldiough  taken  out  of  the  ground,  continued  to  live  for  a  long 
time ;  their  stems  became  curved,  and  their  upper  end  took  a 
direction  towards  the  heavens.  This  happened  in  about  ten 
days;  but,  being  repeated  in  the  open  air,  three  days  were 
sufficient  to  produce  the  direction.  In  the  first  experiment, 
light  being  wholly  excluded,  gravitation  only  could  have 
operated  in  giving  the  stem  a  perpendicular  direction,  —  that 
power  being  the  only  one  which  is  known  to  act  in  a  direction 
perpendicular  to  the  horizon.  Modifications  of  this  experi-* 
ment  were  instituted,  to  be  certain  that  humidity  had  no 
effect,  and  the  same  result  was  obtained.  In  the  prosecu- 
tion of  these  investigations,  it  also  appeared  that  it  waa 
not  merely  the  summit  of  the  stem  which  had  a  tendency  to  a 
perpendicular  direction,  but  that  all  the  moveable  parts  of 
the  plant  possessed  a  similar  disposition,  provided  they  were 
coloured. 

Stems  are  sometimes  directed  towards  the  earth,  in  which 
they  attempt  to  bury  themselves  like  roots;  a  phenomenon 
worthy  of  Uie  greatest  attention,  not  only  on  its  own  account, 
but  fijr  the  sake  of  the  circumstances  connected  with  it.  Many 
vegetables,  besides  their  above-ground  stems,  have  also  dubter<- 
ranean  stems :  these  creep  horizontally  in  the  interior  of  the 
earth,  without  manifesting  any  tendency  towards  the  sky; 
they  are  white,  like  roots,  of  which  they  assume  the  course 
and  the  station.  Sometimes,  however,  they  are  pink,  as  in 
Sparganium  erectum ;  in  such  cases  it  is  the  cuticle  that  is 
coloured,  and  not  the  subjacent  parenchyma:  but,  when* 
ever  the  point  of  their  stems  approaches  the  surface  of  the 
soil,  it  becomes  green,  and,  from  that  moment,  they  acquire 
an  upward  tendency.  Is  it  hence  to  be  inferred  that  there  is 
some  recent  connection  between  the  colours  of  the  parts  of 
vegetables  and  the  directions  tliey  assume  ? 

**  Generally,"  Dutrochet  proceeds  to  remark,  "  stems  are 
directed  towards  the  light,  which  is  in  accordance  with  their 
colour,  which  is  usually  green ;  while  the  roots  have  usually 
a  tendency  to  avoid  the  light,  which  coincides  with  their  want 
of  colour.    The  colour  of  the  roots  is,  in  fact,  nothing  but  that 
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of  the  vegetable  tissue ;  and  can  by  no  means  be  compared 
to  that  of  the  petals  of  some  plants,  which  arises  from  the 
presence  of  a  white  colouring  matter.  Light,  which  is  the 
principal,  but  not  sole,  cause  of  the  colour  of  stems  and  their 
organs,  has  no  power  of  infusing  colour  into  the  roots,  as  may 
be  easily  seen  by  roots  growing  in  glasses  of  water;  in  spite  of 
the  influence  of  the  light  they  constantly  remain  colourless ; 
and  this  does  not  depend  upon  immersion  in  water,  because 
leaves  developed  in  that  medium  are  nevertheless  green. 
Although  roots  have,  in  general,  no  tendency  towards  the 
light,  yet  such  a  disposition  does  become  manifest,  provided 
the  terminal  shoot  of  a  root  becomes  slightly  green,  as  occa- 
sionally happens.  Having  induced  some  seeds  of  Mirabilis 
jalapa  to  germinate  in  damp  moss,  I  remarked  that  the  young 
roots,  when  about  as  long  as  the  finger,  were  terminated  by  a 
shoot  of  a  slightly  green  colour.  Wishing  to  know  whether 
these  roots  would  turn  towards  the  light,  I  placed  them  in  a 
glass  vessel  filled  with  water,  having  a  wooden  cover  pierced 
with  holes  to  receive  the  roots  and  fix  the  seeds*  I  enveloped 
the  vessel  in  black  cloth,  leaving  only  a  narrow  vertical  slit, 
through  which  light  could  enter  the  interior.  This  slit  was 
exposed  to  the  rays  of  the  sun ;  and,  a  few  hours  after,  I  found 
that  all  my  roots  had  hooked  back  their  points  towards  the  slit 
through  which  light  was  introduced.  The  same  experiment 
was  tried  with  colourless  roots;  but  no  alteration  in  their 
direction  was  produced.  From  tliis  it  appears  evident  tliat 
colour  is  one  of  the  conditions  that  determine  the  directions  of 
vegetables  and  their  parts  towards  the  light,  and  consequently 
towards  the  sky.  This  is  so  true,  that  colourless  stems  are 
known  to  assume  the  directions  of  roots.  In  the  Sagittaria 
sagittifolia  this  is  particularly  obvious.  Shoots  are  produced 
from  the  axillee  of  all  the  radical  leaves  which  grow  at  the  bot- 
tom of  the  water.  These  shoots  have  their  points  directed  to- 
wards the  sky,  like  those  of  all  vegetables.  The  young  stems, 
which  are  produced  by  these  shoots,  are  entirely  colourless, 
like  roots ;  and,  instead  of  taking  a  direction  towards  the  sky, 
as  coloured  stems  would  do,  they  lead  downwards,  pointing 
towards  the  centre  of  the  earth.  In  order  to  take  this  position, 
the  young  shoot  forces  its  way  through  the  substance  of  the 
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petiole  which  covers  it ;  thus  overcoming  a  mechanical  obstacle 
in  its  tendency  towards  the  earth.  This  subterranean  stem 
next  takes  a  horizontal  course^  and  does  not  assiune  any 
tendency  towards  the  sky  until  the  points  become  green.'* 
Dutrochet  has  also  remarked  a  similar  phenomenon  in  roots. 
It  is  well  known  that  exposed  stems  of  many  plants  produce 
roots :  when  green,  they  turn  upwards,  as  in  Pothos  and  Cac* 
tus  phyllanthus;  when  colourless,  they  point  downwards. 
Hence  it  is  to  be  inferred  that  stems  do  not  descend  merely 
because  they  are  stems,  but  because  their  parenchyma  is 
coloured ;  and  that  roots  descend  not  in  their  quality  of  roots, 
but  because  their  parenchyma  is  colourless.  It  seems,  how- 
ever, that  although  this  law  is  uniform  in  its  operation  in  all 
terrestrial  plants,  yet  that  a  deviation,  or  apparent  deviation, 
from  it  exists  in  the  parasitic  miseltoe.  The  radicle  of  this 
plant,  which  is  of  a  paler  green  than  the  other  parts,  instead 
of  turning  towards  the  light,  avoids  it  with  so  much  pertina- 
city that  it  is  impossible  to  induce  it  to  take  such  a  direction ; 
so  that  it  seems  to  be  repelled  by  light.  Dutrochet  does  not 
seem  to  be  able  to  satisfy  himself  of  the  reason  of  this  excep- 
tion: but  it  appears  to  be  by  no  means  difficult  to  account 
for.  We  have  seen  that,  in  the  direction  of  its  radicle,  nature 
has  enabled  it  to  fulfil  its  functions  as  a  parasitic  plant  by  the 
attraction  of  the  body  on  which  it  is  placed,  rather  than  by 
the  much  more  powerful  attraction  of  the  earth.  In  order 
to  ensure  this  particular  tendency,  without  possessing  which 
the  existence  of  the  miseltoe  would  be  put  in  hazard,  its 
root  has  received  from  the  same  all-powerful  Hand  a  dispo- 
sition so  much  greater  than  other  picmts  to  avoid  light,  and 
to  bury  itself  in  the  obscurity  of  the  interior  of  a  tree,  as 
to  be  sufficient  to  overcome  the  influence  of  its  green  colour- 
ing matter. 

The  next  direction  of  the  parts  of  plants,  which  may  be 
called  special^  is  that  of  the  upper  surface  of  the  leaves 
towards  the  sky,  and  of  the  lower  towards  the  earth.  This 
disposition  is  so  powerful,  that,  if  the  usual  direction  of  a  leaf 
is  inverted,  the  petiole  will  twist  so  as  to  enable  it  to  recover 
itself.  This  phenomenon  has  been  noticed  by  Bonnet,  whose 
explanation  has  been    already    given,    but   which    is   ob- 
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viously  inadmissible.  There  is  always  a  natural  difference 
between  the  two  faces  of  the  leaf:  the  upper  is  always  the 
most  deeply  coloured ;  a  difference  which  will  be  found  con- 
stant in  all  cases.  The  face  with  the  deepest  colour  turns 
towards  the  sky  or  light,  and,  with  the  weakest  colour,  towards 
the  earth  or  obscurity ;  and  tliis  is  so  constant  a  law,  that  it 
will  be  found  that  if  that  surface  of  the  leaf  which  is  naturally 
inferior  is  more  deeply  coloured  tlian  the  superior,  the  petiole 
will  be  twisted  round  by  the  greater  affinity  of  the  lower  sur- 
face for  the  light,  which  will  thus  become  uppermost,  the  leaf 
presenting  the  appearance  of  an  inverted  leaf.  This  may  be 
seen  in  many  grasses,  but  not  in  Zea  Mays,  Triticum  repens, 
and  Agrostis  rubra.  Hence  it  is  to  be  concluded,  that  the 
upper  surface  of  the  leaf  is  not  turned  towards  the  heavens 
merely  in  consequence  of  its  quality  of  being  the  upper  sur- 
face, but  because  it  is  generally  the  most  deeply  coloured. 

The  same  law  influences  the  directions  of  the  petals,  in 
which  the  upper  surface,  —  that  w^hich  is  turned  towards  the 
heavens,  —  is  always  the  most  highly  coloured :  this,  indeed, 
is  sometimes  not  very  apparent,  but  is  nevertheless  constant* 
Even  in  white  petals,  —  such,  for  example,  as  those  of  Lilium 
album,  —  the  upper  face  will  be  found  of  a  dense  but  brilliant 
white,  while  the  lower  is  of  a  much  paler  hue.  The  white 
colour  of  the  petals,  Dutrochet  proceeds  to  remark,  like  all  the 
other  colours  of  plants,  is  due  to  a  particular  kind  of  colour- 
ing matter  deposited  in  the  parenchyma  lying  below  the 
cuticle.  Thus  the  whiteness  of  the  flowers  of  plants  is  not 
dependent  upon  the  absence  of  colour,  like  the  roots  and 
etiolated  stems :  in  the  former  a  white  colouring  matter  exists ; 
in  the  latter  the  whiteness  is  caused  by  absence  of  colour^ 
Some  apparent  exceptions  to  this  law,  —  such  as  the  outside 
of  many  monopetalous  flowers  being  paler  than  the  inside,  as 
in  Digitalis  purpurea,  Fritillaria  latifolia,  and  others,  —  Du- 
trochet thinks  maybe  explained  thus : — These  cases,  no  doubt, 
are  due  to  the  tendency  of  the  less  coloured  part  toavoid  the 
light,  which  is  manifested  by  bearing  down  the  flower  so  as  to 
af^roach  the  seat  of  obscurity  as  nearly  as  possible :  all  such 
flowers  being  always  nodding.  This  tendency  is  aided  by 
the  weakness  of  the  peduncle,  which  seems  to  have  beea 
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specially  provided  for  enabling  such  flowers  to  retire  from  the 
light.  In  papilionaceous  plants,  the  inside  of  the  vexillum, 
which  is  most  deeply  coloured,  always  turns  itself  towards  the 
light ;  and  the  ake  twist  themselves  half  Tound,  to  effect  the 
same  object.  The  ovaries  often  take  a  different  direction  after 
the  fall  of  the  corolla  than  tliey  liad  before.  Thus,  during 
flowering,  the  ovary  of  Digitalis  purpurea  was  nodding  like 
the  flower,  the  direction  of  which  it  was  compelled  to  follow. 
Immediately  after  the  fall  of  the  corolla,  it  turns  upwards  to- 
wards the  light,  to  which  it  is  attracted  by  its  green  colour. 
A  contrary  phenomenon  is  presented  by  the  ovary  of  Con- 
volvulus arvensis.  The  flower  is  turned  towards  the  sky :  as 
soon  as  it  has  fallen,  the  ovary  takes  a  direction  towards 
the  earth,  bending  down  the  peduncle.  This  cannot  be  due 
to  the  weight  of  the  ovary,  which  is  much  lighter  than  its 
peduncle,  but  must  depend  upon  its  disposition  to  avoid  the 
light,  on  account  of  its  pallid  hue,  which  is  nearly  the  same 
as  that  of  the  root.  In  Convolvulus  sepium,  on  the  contrary, 
in  which  the  ovary  is  equally  pale,  its  erect  position  is 
maintained,  and  the  influence  of  decoloration  counteracted  by 
the  greater  affinity  to  the  light  of  two  large  green  bracts  in 
which  it  is  enveloped.. 

From  the  following  and  some  other  experiments,  Dutrochet 
infers  that  the  direction  of  leaves  to  the  light  is  not  mecha- 
nically caused  by  the  operation  of  an  external  agent,  but  is 
due  to  a  spontaneous  motion,  put  in  action  by  the  influence 
of  external  agency.  He  took  a  leaf  and  cut  off  its  petiole,  the 
place  of  which  was  supplied  by  a  hair,  hooked  by  one  end 
upon  the  leaf,  and  having  a  piece  of  lead  attached  to  its  oppo- 
site extremity.  They  were  plunged  in  a  vessel  of  water :  the 
weight  of  tlie  lead  carried  the  leaf  to  the  bottom  of  the 
water,  where  it  stood  erect  in  consequence  of  its  lightness 
inducing  it  to  attempt  to  ascend.  Being  exposed  in  a  win- 
dow, so  that  the  under  surfece  was  turned  to  the  light,  no 
alteration  took  place  in  its  position.  Now,  as  from  Bonnet's 
experiments,  it  is  certain  that  leaves  immersed  in  water  act 
exactly  as  if  surrounded  with  air,  it  is  to  be  inferred  that  the 
external  influence  of  the  light  is  of  no  effect,  unless  aided  by  a 
spontaneous  power  within  the  vegetable  which  was  destroyed 
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bjr  the  remoral  of  the  petiole.     Leaves  immened  in 
under  similar  circamftances,  with  their  petioles  and  stem 
injared,  tamed  towards  the  light  as  thev  would  have  done 
the  open  ain 

Those  who  desire  more  information  upon  this  Terr 
mihject  should  consult  Dutrochefs  work,  Sur  la  MoHim 
Vigitam. 
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CHAPTER  XIII. 


OF    IRRITABILITY. 


The  vitality  of  plants  seems  to  depend  upon  the  existence 
of  an  irritability,  which,  although  far  inferior  to  that  of  ani- 
mals, is,  nevertheless,  of  an  analogous  character. 

This  has  been  proved  by  a  series  of  interesting*  experiments 
by  Marcet,  of  Geneva,  upon  the  exact  nature  of  the  action 
of  mineral  and  vegetable  poisons.  The  subject  of  his  observ- 
ations was  the  common  kidney-bean ;  and  in  each  experiment 
a  contrast  was  formed  between  the  plant  operated  upon  and 
another  watered  with  spring  water.  A  vessel  containing  two 
or  three  bean  plants,  each  with  five  or  six  leaves,  was  watered 
with  two  ounces  of  water,  containing  twelve  grains  of  oxide 
of  arsenic  in  solution.  At  the  end  of  from  twenty-four  to 
thirty-six  hours  the  plants  had  faded,  the  leaves  drooped,  and 
had  even  begun  to  turn  yellow.  Attempts  were  afterwards 
made  to  recover  the  plants,  but  without  success.  A  branch 
of  a  rose  tree  was  placed  in  a  solution  of  arsenic ;  and  in 
twent-four  hours  ten  grains  of  water  and  0*12  of  a  grain  of 
arsenic  had  been  absorbed.  The  branch  exhibited  all  the 
sjmfiptoms  of  unnatural  decay.  In  six  weeks  a  lilac  tree  was 
killed,  in  consequence  of  fifteen  or  twenty  grains  of  moistened 
oxide  of  arsenic  having  been  introduced  into  a  slit  in  one  of  the 
branches.  Mercury,  under  the  form  of  corrosive  sublimate, 
was  found  to  produce  effects  similar  to  those  of  arsenic ;  but 
no  effect  was  produced  upon  a  cherry  tree,  by  boring  a  hole 
in  its  stem,  and  introducing  a  few  globules  of  liquid  mercury. 
Tin,  copper,  lead,  muriate  of  barytes,  a  solution  of  sulphuric 
acid,  and  a  solution  of  potash,  were  found  to  be  all  equally 
destructive  of  vegetable  life ;  but  it  was  ascertained,  by  means 
of  sulphate  of  magnesia,  that  those  mineral  substances  which 
are  innocuous  to  animals  are  harmless  to  vegetables  also.  In 
the  experiments  with  vegetable  poisons,  the  bean  plants  were 
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carefully  taken  from  the  earth,  and  their  roots  immersed  in 
the  solutions  used.  It  had  been  previously  ascertained  that 
plants  so  transplanted  and  placed  in  water  under  ordinary 
circumstances  would  remain  in  excellent  health  for  six  or 
eight  days,  and  continue  to  vegetate  as  if  in  the  earth.  A 
plant  was  put  into  a  solution  of  nux  vomica  at  nine  in  the 
morning :  at  ten  o'clock  the  plant  seemed  unhealtliy ;  at  one 
the  petioles  were  all  bent  in  the  middle ;  and  in  the  evening 
the  plant  was  dead.  Ten  grains  of  an  extract  of  cocculuB 
suberosus,  dissolved  in  two  ounces  of  water,  destroyed  a 
bean  plant  in  twenty-four  hours;  prussic  acid  produced 
death  in  twelve  hours,  laurel  water  in  six  or  seven  hours^  a 
solution  of  belladonna  in  four  days,  alcohol  in  twelve  hours. 

From  the  whole  of  his  experiments,  M.  Marcet  concludes, 
—  1st,  That  metallic  poisons  act  upon  vegetables  nearly  as 
they  do  upon  animals :  they  appear  to  be  absorbed  and  car- 
ried into  different  parts  of  a  plant,  altering  and  destroyuig 
the  vessels  by  corrosive  powers.  2dly,  That  vegetable  poi- 
sons, especially  those  which  have  been  proved  to  destroy 
animals  by  their  action  upon  the  nervous  system,  also  cause 
the  death  of  plants :  whence  he  infers  that  there  exists  in 
the  latter  a  system  of  organs  which  is  affected  by  poisons, 
nearly  as  the  ner\'ous  system  of  animals. 

These  facts  liave  been  confirmed  by  other  experiments  of 
Macaire,  which  will  be  mentioned  presently. 

Irritability,  in  the  common  acceptation  of  the  term  in  bo- 
tany, means  those  extreme  cases  of  excitability  in  which  an 
organ  exhibits  movements  altogether  different  from  those  we 
commonly  meet  with  in  plants.  Of  this  kind  of  irritability 
there  are  three  distinct  classes ;  namely,  those  whidi  depend 
upon  atmospheric  phenomena,  spontaneous  motions,  and  such 
as  are  caused  by  the  touch  of  other  bodies. 

Among  the  cases  of  irritability  excited  by  particular  states 
of  the  atmosphere^  the  singular  phenomenon  called,  by  Lin- 
nseus,  the  sleep  of  plants,  is  the  most  remarkable.  In  plants 
with  compound  leaves,  the  leaflets  fold  together  while  the 
petiole  is  recurved  at  the  approach  of  night ;  and  the  leaflets 
again  expand  and  raise  themselves  at  the  return  of  day. 

In  others  the  leaves  converge  over  the  flowers,  as  if  tp 
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shelter  those  most  delicate  organs  from  the  chill  air  of  night 
The  flowers  of  the  crocus  and  similar  plants  expand  beneath 
the  bright  beams  of  the  sun,  but  close  as  soon  as  they  are 
withdrawn.  The  CEnotheras  unfold  their  blossoms  to  the  dews 
of  evening,  and  wither  away  at  the  approach  of  day.  Some 
Silenes  roll  up  their  petals  in  the  day,  and  expand  them  at 
night.  The  florets  of  numerous  Compositae,  and  the  petals  of 
the  genus  Mesembryanthemum,  are  erect  in  the  absence  of 
sun,  but  become  reflexed  when  acted  upon  by  the  sun's  beams ; 
and  many  other  such  phenomena  are  familiar  to  every  observer 
of  nature.  It  is  probable,  indeed,  that  a  different  eflect  is 
produced  upon  all  plants  by  day  and  night,  cdthough  it  is  less 
visible  in  some  than  in  others :  thus  plants  of  corn,  in  which 
ithere  is  little  indication  of  sleep  when  grown  singly,  exhibit 
that  phenomenon  very  distinctly  when  observed  in  masses ; 
their  leaves  become  flaccid,  and  their  ears  droop  at  night. 
These  efiects  have  been  generally  attributed  to  the  action  of 
light;  and  it  is  probable  that  that  agent  contributes  very 
powerfully  to  produce  them ;  for  a  flower  removed  from  the 
shade  will  often  expand  beneath  a  lamp,  just  as  it  will  beneath 
the  sun  itself.  De  CandoUe  found  that  he  could  induce  plants 
to  acknowledge  an  artificial  day  and  night,  by  alternate  expo- 
sure to  the  light  of  candles.  There  must,  however,  be  some 
cause  beyond  light,  of  the  nature  of  which  no  opinion  has  yet 
been  formed :  many  flowers  will  close  in  the  afternoon  while 
the  light  of  the  sun  is  still  playing  upon  them,  and  the  petals 
of  others  will  fold  up  under  a  bright  illumination. 

Spontaneous  movements  are  far  more  uncommon  than  those 
which  have  just  been  described.  In  Megaclinium  falcatum, 
the  labellum,  which  is  connected  very  slightly  with  the 
columna,  is  almost  continually  in  motion ;  in  a  species  of 
Pterostylis,  shown  me  by  Dr.  Brown,  I  observed  a  kind  of 
convulsive  action  of  the  labellum ;  the  filaments  of  Oscilla^ 
torias  are  continually  writhing  like  worms  in  pain;  several 
other  Confervas  exhibit  spontaneous  movements :  but  the 
most  singular  case  of  the  kind  is  that  of  Hedysarum  gyrans. 
"  This  plant  has  ternate  leaves  :  the  terminal  leaflet,  which  is 
larger  than  those  at  the  side,  does  not  move,  except  to  sleep ; 
but  the  lateral  ones,  especially  in  warm  weather,  are  in  con* 
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tinual  motion,  both  day  and  night,  even  when  the  terminal 
leaflet  is  asleep.  External  stimuli  produce  no  effect;  the 
motions  are  very  irregular ;  the  leaflets  rise  or  fall  more  or 
less  quickly,  and  retain  their  position  for  uncertain  periods. 
Cold  water  poured  upon  it  stops  the  motion,  but  it  is  imme- 
diately renewed  by  warm  vapour." 

To  this  class  of  irritability  ought,  perhaps,  to  be  referred 
the  curious  phenomenon  well  known  to  exist  in  the  fruit  of 
Momordica  elaterum,  the  spirting  cucumber.  In  this  plant 
the  peduncle,  at  a  certain  period,  when  the  fruit  has  attained 
its  perfect  maturity,  is  expelled,  along  with  the  seeds  and  the 
mucus  that  surrounds  them,  with  very  considerable  violence. 
Here,  however,  endosmose  appears  to  offer  a  satisfactory  ex- 
planation. According  to  Dutrochet,  tlie  fluid  of  the  placen- 
tary  matter  in  this  fruit  gradually  acquires  a  greater  density 
than  that  which  surrounds  it,  and  begins  to  empty  the  tissue 
of  the  pericarpium :  as  the  fruit  increases  in  size  the  same 
operation  continues  to  take  place;  the  pulpy  matter  in  the 
centre  is  constantly  augmenting  in  volume  at  the  expense  of 
the  pericarpium  ;  but,  so  long  as  growth  goes  on,  the  addition 
of  new  tbsue,  or  the  distension  of  old,  corresponds  with  the  in- 
crease of  volume  of  the  centre.  At  last  growth  ceases,  but 
endosmoses  proceeds ;  and  then  the  tissue  that  lines  the  walls 
of  the  central  cell  is  pressed  upon  forcibly  by  the  pulp  that  it 
encloses,  until  this  pressure  becomes  so  violent  that  rupture 
must  take  place  somewhere.  The  peduncle,  being  articulated 
with  the  fruit,  at  length  gives  way,  and  is  expelled  with  vio- 
lence ;  at  the  same  time  the  cellules  of  tissue  lining  the  cavity 
all  simultaneously  recover  their  form,  the  pressure  upon  them 
being  removed,  and  instantly  contract  the  space  occupied  by 
the  mucous  pulp ;  the  consequence  of  which  is  that  it  also  is 
forced  outwards  at  the  same  time  as  the  peduncle.  It  has 
been  found  by  measurement,  that  the  diameter  of  the  central 
cavity  is  less  after  the  bursting  of  the  fruit  than  before. 

Movements  produced  by  touch,  or  by  external  violence^ 
are  very  frequent.  The  sensitive  plant  (Mimosa  pudica), 
which  will  rapidly  fold  up  its  leaves  as  if  in  a  state  of  sleep, 
is,  perhaps,  tlie  most  familiar  instance :  but  many  others  also 
exist.     If  the  centre  of  the  leaf  of  the  Dioiuea  muscipula  is 
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irritated,  the  sides  collapse,  so  as  to  cross  the  ciliae  of  their 
margin,  like  the  teeth  of  a  steel-trap  for  catching  animals. 
Roth  is  recorded  to  have  seen  something  of  the  same  kind  in 
Drosera  rotundifolia.  If  the  bottom  of  the  stamens  of  the 
common  berberrj'  is  touched  on  the  inside  with  the  pomt  of 
a  needle,  they  spring  up  against  the  pistillufn.  The  valves  of 
Impatiens  noli-tangere,  when  the  fruit  is  ripe,  separate  and 
spring  back  with  great  elasticity  when  touched.  In  this  case 
the  phenomenon  is  apparently  capable  of  explanation  upon 
a  similar  principle  to  the  Momordica  elaterium.  In  the 
fruit  of  Impatiens  the  tissue  of  the  valves  consists  of  cellules 
that  gradually  diminish  in  size  from  the  outside  to  the  inside ; 
and  the  fluids  of  the  external  cellules  are  the  densest.  The 
latter  gradually  empty  the  inner  cellules  and  distend  them- 
selves ;  so  tliat  the  external  tissue  is  disposed  to  expand,  and 
the  internal  to  contract,  whenever  any  thing  occurs  to  destroy 
the  force  that  keeps  them  straight.  This  at  last  happens  by 
the  disarticulation  of  the  valves,  the  peduncle,  and  the  axis ; 
and  then  each  valve  rapidly  rolls  inwards  with  a  sudden 
spontaneous  movement.  Dutrocliet  proved  that  it  was  pos- 
sible to  invert  this  phenomenon  by  producing  exosmose :  for 
that  purpose  he  threw  fresh  valves  of  Impatiens  into  sugar 
and  water,  which  gradually  emptied  the  external  tissue,  and, 
after  rendering  the  valves  straight,  at  length  curved  them 
backwards. 

The  column  of  the  genus  Stylidium,  which  in  its  quiescent 
position  is  bent  over  one  side  of  the  corolla,  if  slightly 
irritated,  instantly  springs  with  a  jerk  over  to  the  opposite  side 
of  the  flower.  In  Kalmia  the  anthers  are  retained  in  little 
niches  of  tlie  corolla ;  and,  as  soon  as  they  are  by  any  cause 
extricated,  the  filaments  which  had  been  curved  back  recover 
themselves  with  a  spring.  In  certain  orchideous  plants,  of 
the  tribe  called  Vandeae,  the  caudicula  to  which  the  pollen 
masses  are  attached  will  often,  upon  the  removed  of  the  anther, 
disengage  themselves  with  a  sudden  jerk. 

An  elaborate  exposition  of  the  phenomena  accompanying 
the  movements  of  the  sensitive  plant  has  been  given  by 
Dutrochet,  in  his  Recherches^  Sfc.  sur  la  Structure  intime  des 
AniTtiaux  et  des  Vigetaux,  et  tur  kur  Motilite,  which  should  be 
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consulted  by  all  readers  desirous  of  studying  the  irritability 
of  that  very  remarkable  plant. 

That  a  peculiar  kind  of  irritability  does  exist  in  plants,  not 
very  different  from  what  we  remark  in  animals,  has  been 
shown  in  part  by  the  experiments  of  Marcet  already  quoted, 
and  still  more  by  those  of  Macaire. 

The  former  observer  proved  that  narcotic  and  irritating 
poisons  produce  an  effect  upon  vegetables  altogether  analogous 
to  that  which  they  produce  upon  animals.  The  very  vcduable 
experiments  with  gases  by  Turner  and  Christison,  mentioned 
formerly,  lead  to  the  same  conclusion.  These  gentlemen  re- 
mark, that  '*  the  phenomena,  when  compared  with  what  waa 
observed  in  the  instances  of  sulphurous  and  hydrochloric  acid^ 
would  appear  to  establish,  in  relation  to  vegetable  life,  a  dig-* 
tinction  among  the  poisonous  gases  nearly  equivalent  to  the 
difference  existing  between  the  effect  of  the  irritant  and  the 
narcotic  poisons  on  animals.  The  gases  which  rank  as  irri-* 
tants  in  relation  to  animals  seem  to  act  locally  on  vegetables^ 
destroying  first  the  parts  least  plentifully  supplied  with 
moisture.  Tlie  narcotic  gases,  —  including  under  that  term 
those  that  act  on  the  nervous  system  of  animals,  —  destroy 
vegetable  life  by  attacking  it  throughout  the  whole  plant  at 
once.  ITie  former,  probably,  act  by  abstracting  the  moisture 
of  the  leaves;  the  latter,  by  some  unknown  influence  on 
their  vitality.  The  former  seem  to  have  upon  vegetables  none 
of  that  sympathetic  influence  upon  general  life,  which  in 
animals  follows  so  remarkably  injuries  inflicted  by  local 
irritants." 

A  similar  result  was  arrived  at  by  Macaire,  whose  very 
eurious  and  instructive  experiments  are  recorded  in  the  J5t- 
Uiotheque  UniverseUe^  xxxi.  244.,  and  which  I  think  of  sufficient 
importance  to  be  detailed  at  length. 

The  first  plant  used  was  the  Berberis  vulgaris.  The  six 
stamina  of  the  flowers  of  this  plant  have  the  property  of 
rapidly  approaching  the  pistil  when  touched  by  the  point  of 
an  instrument.  The  motion  occurs  at  the  base  of  the  statnens. 
When  cold,  the  motion  is  sometimes  retarded.  When  put 
into  water  or  solution  of  gum,  the  flowers  may  be  preserved 
many  days,  possessing  their  irritability.      The  petals  and 
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Stamens  dose  at  night  to  open  again  in  the  morning.  Putting 
the  stem  of  this  plant  into  dilute  prussic  acid  for  four  hours, 
occasioned  the  loss  of  the  contractile  property  by  irritation; 
tlie  articulation  became  flexible,  and  might  be  inclined  in 
any  direction  by  the  instrument.  The  leaves  had  scarcely 
begun  to  fade.  On  placing  the  expanded  flowers  on  the 
prussic  acid,  the  same  effect  took  place,  but  much  noore 
rapidly. 

The  experiment  being  repeated,  with  an  aqueous  solution 
of  opium,  a  similar  effect  was  produced  in  nine  hours. 

Dilute  solutions  of  oxide  of  arsenic  and  arseniate  of  potash 
were  used:  tlie  stamens  lost  the  power  of  approaching  the 
pistil ;  but  they  were  stiff",  hard,  withdrawn  backwards,  and 
could  not  have  their  direction  altered  without  fracture.  It 
«eemed  like  an  irritation,  or  a  vegetable  inflammation. 

Solution  of  corrosive  sublimate  more  slowly  produced  the 
fiame  eff*ects. 

Sensitive  plant  (Mimosa  pudica).  —  Experiments  were  now 
made  with  this  vegetable.  Wlien  a  leaf  of  this  plant  is 
cut,  and  allowed  to  fall  on  pure  water,  the  leaflets  generally 
contract  rapidly ;  but  after  a  few  moments  expand,  and  are 
then  susceptible  of  contraction  by  the  touch  of  any  other 
body.  They  may  thus  be  preserved  in  a  sensible  state  two 
or  three  days.  If  the  section  be  made  with  a  very  sharp 
instrument,  and  without  concussion,  the  leaves  may  be  sepa- 
rated without  any  contraction.  The  branches  of  this  plant 
may  be  preserved  for  several  days  in  fresh  water.  Gum- 
water  also  effects  the  same  purpose. 

When  a  cut  leaf  of  this  plant  faUs  upon  a  solution  of  cor- 
rosive sublimate,  the  leaf  rapidly  contracts,  and  the  leaflets 
curl  up  in  an  unusual  manner,  and  do  not  again  expand. 
When  put  into  pure  water,  the  sensibility  does  not  return, 
but  the  whole  remains  stiff*  and  immovable.  A  little  solution 
of  corrosive  sublimate  being  put  into  a  portion  of  pure  water, 
containing  an  expanded  branch  of  the  plant,  gradually  caused 
curling  up  of  the  leaves,  which  then  closed  and  fell.  If  tlie 
solution  be  very  weak,  the  leaves  open  on  the  morrow,  and  are 
still  sensible,  but  ultimately  contract,  twist,  and  remain  stiff 
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till  they  die.     Solutions  of  arsenic  and  arseniate  of  potash 
produce  the  same  effects. 

A  leaf  of  the  sensitive  plant  was  in  a  cold  diluted  solution 
of  opium  :  in  a  few  moments  it  opened  out  as  in  water,  and, 
after  half  an  hour,  gave  the  usual  signs  of  contractibility.  In 
six  hours  it  was  expanded,  and  had  a  natural  appearance,  but 
could  not  be  excited  to  move.  The  leaflets  were  flexible  at 
the  articulations,  and  ofiered  a  singular  contrast  to  the  state 
of  irritation  produced  by  corrosive  sublimate.  Pure  water  did 
not  recover  the  plant.  A  large  branch,  similarly  situated, 
expanded  its  leaves ;  but  in  half  an  hour  had  lost  much  of 
its  sensibility:  the  leaflets,  though  alive,  seemed  asleep,  and 
required  much  stimulating  to  cause  contraction.  In  one  hour 
the  contractions  ceased :  in  two  hours  the  branch  was  dead. 

A  leaf  placed  in  prussic  acid  (Scheele's  strength)  con- 
tracted, then  slightly  dilated,  but  was  quite  insensible,  and 
the  articulations  were  flexible :  water  did  not  recover  it.  If 
the  acid  be  very  weak,  the  leaflets  dilate  and  appear  to  live, 
but  are  insensible.  A  drop  of  the  acid  plaeed  on  two  leaflets 
of  a  healthy  plant  gradually  causes  contraction  of  the  other 
leaflets,  pair  by  pair.  Solutions  of  opium  and  corrosive 
poisons  have  no  effect  when  applied  this  way.  After  some 
time  they  dilate,  but  are  insensible  to  external  irritation :  the 
sensibility  returns  in  about  half  an  hour;  but  the  leaflets 
appear  as  if  benumbed. 

The  plant  exposed  to  the  vapour  of  prussic  acid  is  affected 
in  the  same  way :  ammonia  appears  to  favour  the  recovery 
of  the  plant. 

A  cup  containing  dilute  prussic  acid  was  so  placed  that 
one  or  two  leaves,  or  sometimes  a  branch,  of  a  healthy  plant 
could  be  plunged  into  the  liquid,  or  left  to  repose  on  its  sur- 
face. The  leaflets  remained  fresh  and  extended,  but  were 
almost  immediately  insensible.  Being  left  in  this  state  for 
two  hours,  they  were  expanded ;  and  no  irritation  could  cause 
their  contraction,  though  otherwise  there  was  no  appearance 
of  an  unnatural  state.  At  Ave  o'clock  in  the  evening  the 
leaves  were  left  to  themselves.  At  nine  o'clock  they  were 
open   and   insensible.     At  midnight   tliey   were  stiU  open, 
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whikt  all  the  rest  of  the  plant,  and  the  neighbouring  plants, 
were  depressed,  contracted,  and  in  the  state  of  sleep.  On 
the  morrow  they  resumed  a  little  sensibility,  but  seemed 
benumbed. 

In  the  same  manner  Macaire  has  interfered  with  other 
plants  as  to  the  state  of  sleep,  and  observes  that  prussic  acid 
thoroughly  deranges  the  botanical  indications  of  time  of 
Linnceus. 
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CHAPTER  XIV. 


OF   COLOUR    AND    SMELL. 


The  following  abstract  of  the  views  of  De  CandoUe  and  him- 
self upon  this  most  obscure  subject,  has  been  given  by  the 
author  of  the  article  Botany,  in  the  Library  of  Useful  Know- 
ledge. 

"  There  certainly  is  no  point  of  either  animal  or  vegetable 
physiology  now  remaining  to  be  explained,  of  which  so 
little  is  really  known  as  tlie  cause  of  the  various  and  varying 
colours  with  which  organic  matter  is  adorned.  We  see  in 
birds  the  plumage  marked  with  the  strongest  contrasts  of  the 
most  dissimilar  colours,  reproduced  with  an  exactness  which 
is  most  wonderful ;  we  find  the  breeders  of  curious  races  able 
to  preserve  peculiar  kinds  of  marking,  and  even  to  improve 
them,  with  the  most  admirable  precision ;  we  also  know  that 
in  plants,  without  any  visible  constitutional  change,  without 
accident,  and  without  any  known  predisposing  cause,  a  yellow 
flower  will  become  pink,  and  a  pink  one  yellow;  and  we 
know  that  if  the  portion  of  the  stem  thus  altered  be  increased 
by  the  division  of  itself,  the  change  is  fixed  and  may  be  mul- 
tiplied for  ever.  A  dingy  brownish  purple  tulip  will  suddenly, 
and  without  warning,  burst  forth  in  the  most  radiant  beauty, 
its  dull  disagreeable  colours  dispersed,  a  pure  and  spotless 
white  taking  its  place  in  part,  and  the  brightest  and  deepest 
streaks  of  crimson  adding  richness  to  its  purity.  If  we  look 
minutely  to  these  circumstances,  we  shall  find  that  each  par- 
ticular cell  has  its  own  colour, — that  there  is  no  intermixture 
of  tints,  but  that  whatever  the  hues  may  be,  each  has  its  own 
cluster  of  cells  to  represent  it :  and  even  in  the  midst  of  a 
large  mass  of  uniform  colouring,  a  few  cells,  or  even  a  single 
one,  will  secrete  a  colouring  matter  which  forms  the  strongest 
contrast  with  what  surrounds  it;  as  in  tlie  blood7red  orange. 
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and  similar  cases.  To  what  causes  all  these  extraordinary  cir- 
cumstances'  are  to  be  ascribed  no  one  knows.  As  yet  our 
information  concerning  vegetable  colours  is  of  the  vaguest 
nature.  But  as  it  is  one  of  very  great  interest,  and  particu- 
larly deserving  the  notice  of  the  philosophical  botanist,  we 
make  no  scruple  of  borrowing  from  De  Candolle  an  abstract 
of  what  is  at  present  known  or  conjectured  of  the  subject. 

"  We  are  so  accustomed,  he  remarks,  to  see  plants  decorated 
with  the  most  brilliant  colours,  or  at  least  invested  with  the 
green  hue  which  characterizes  every  scene,  that  it  is  not  witli- 
out  difficulty  that  we  accustom  ourselves  to  the  idea  that  such 
colours  do  not  exist  in  their  primitive  state,  but  are  commu- 
nicated, as  it  were,  to  vegetation  by  its  own  act ;  and  yet  this 
is  the  exact  truth.  The  tissue  of  plants  is  in  itself  completely 
colourless,  of  a  silvery  white,  or  of  an  exceedingly  pale  yellow; 
the  matters  contained  in  the  cellules  are,  witli  a  few  excep- 
tions, of  the  same  hue ;  but  all  is  changed  when  tliey  are  once 
exposed  to  solar  light 

"  We  are  accustomed  to  say  that  green  plants  become  white 
in  total  darkness,  because  the  phenomenon,  inaccurately  ob- 
served, is  usually  presented  to  us  under  that  form :  but  the 
truth  is,  that  although  the  parts  of  plants  which  originally  are 
white  or  black  become  more  or  less  coloured  when  exposed 
to  the  action  of  light,  yet  organs,  once  coloured,  do  not  in 
reality  lose  their  colour  when  kept  in  darkness ;  if  they  some- 
times seem  to  do  so  it  is  owing  to  this,  —  that  if  half-deve^ 
loped  leaves  are  placed  in  the  dark,  they  grow  larger,  and  the 
green  matter  which  coloured  them,  being  diluted  by  water 
and  spread  over  a  greater  space,  appears  to  be  paler  without 
being  itself  less  coloured.  That  the  action  of  solar  light  is, 
in  reality,  the  grand  cause  of  colour  in  plants  is  proved  by 
leaves  half  covered  from  light  and  half  exposed,  of  which  the 
latter  become  green  and  the  former  remain  colourless;  all 
gradations  of  intensity  being  produced  in  proportion  to  the 
intensity  of  light  to  which  the  parts  are  exposed. 

"  There  are  plants  which,  in  tliosc  parts  that  are  destined 
to  become  green,  have  spaces  that  preserve  their  origincd 
whiteness :  such  plants  we  call  variegated,  and  find  through 
almost  all  the  divisions  of  the  vegetable  kingdom.  In  Exogens 
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the  blotches  are  for  the  most  part  irregular :  in  Endog^is 
they  are  usually  arranged  in  bands  that  follow  the  course  of 
the  principal  veins.  In  these  places  it  is  clear  that  chromuky 
or  colouring  matter,  is  either  not  found  at  all  or  in  very  small 
quantity,  but  the  cause  of  the  deficiency  is  entirely  unknown. 
It  is,  however,  interesting  to  remark,  that  variegations  of  this 
kind  are  best  preserved  in  sterile,  and  are  soonest  lost  in 
fertile  soil,  as  if  they  were  in  reality  an  unhecdthy  state  of  a 
plant,  —  a  supposition,  however,  which  there  are  no  sufiBcient 
grounds  otherwise  for  entertaining. 

"  We  have  already  seen  that  all  parts  which  either  are  green 
or  susceptible  of  becoming  so,  decompose  the  carbonic  acid  of 
the  sap  or  of  the  atmosphere  when  they  are  exposed  to  solar 
light,  that  they  part  with  the  oxygen,  and  fix  the  carbon  in 
their  own  tissue.  Hence  it  was  natural  to  conclude  that  this 
operation  is  connected  with  the  formation  of  a  green  colour. 
In  feet,  when  it  takes  place,  greenness  ensues ;  when  it  does 
not  take  place,  the  organ  which  developes  in  darkness,  pr&> 
serves  the  primitive  white  colour  of  the  tissue ;  and  when  it 
has  taken  effect  incompletely,  the  results  are  intermediate 
between  the  two  preceding  cases. 

<^  The  deposition  of  carbon  thus  induced  does  not  act  upon 
the  v^etable  membrane ;  that  is  always  of  its  original  pearly 
lustre.  But  it  forms  a  peculiar  matter  called  green  chramuk  ; 
the  abimdance  or  scantiness  of  which  is  what  causes  the  differs 
ent  tints  of  leafy  surfaces.  The  action  of  the  membrane  pro* 
duces  some  effect,  no  doubt,  either  by  reason  of  its  own  piillld 
hue,  or  its  transparency  or  density,  or  of  the  hairs  with  iprfiich 
it  is  oflen  covered,  or  of  the  air  which  it  contains,  or  finally, 
of  the  waxy  matter  by  which  they  are  protected.  But  how 
does  it  happen  that  carbon,  which  is  black,  is  capable  of  pro-* 
ducing  a  green  appearance  in  vegetation  ?  The  old  phjruo- 
legists  supposed  that  it  is  in  reality  an  intense  blue,  and  not 
a  black ;  and  that,  shining  through  the  yellow  sides  of  die 
cells,  the  combination  of  the  two  colours  produced  green. 
This  notion,  however,  is  disproved  by  the  most  casual  in- 
spection, for  the  colouring  matter  may  be  separated  from  the 
tissue  with  the  greatest  facility,  and  it  still  preserves  its 
colour;  and,  besides,  the  yellow  of  tissue,  if  any,  is  so 
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sively  feeble  as  to  be  wholly  insufficient  to  overcome  the  blue- 
ness  of  the  carbon  if  it  were  blue.  The  fact  is,  that  the  cause 
of  carbon  in  the  system  of  vegetation  being  green  belongs  to 
that  numerous  class  of  facts  of  which  no  explanation  can  be 
given  in  the  existing  state  of  human  knowledge. 

^^  Although  we  are  justified  by  the  mass  of  evidence  in  assert- 
ing that  the  green  colour  of  plants  is  owing  to  the  fixation  of 
carbon  in  their  tissue,  in  consequence  of  the  power  that  light 
possesses  of  decomposing  their  carbonic  acid,  yet  there  are 
some  exceptions  that  deserve  attention.  Humboldt  found 
Poa  annua  and  compressa,  Plantago  lanceolata,  Trifolium 
arvense,  Wcdl-flower,  and  the  Rhizomorpha  verticillata,  green 
in  the  subterranean  galleries  of  the  mines  of  Freyberg,  al- 
though born  in  total  darkness,  but  in  atmosphere  highly 
charged  either  with  hydrogen  or  nitrogen.  Ferns  and 
mosses,  again,  will  be  green  where  other  plants  are  blanched ; 
and  Humboldt  found  near  the  Canaries  a  fucus  which  was 
bright  grass-green,  cdthough  it  had  grown  at  the  depth  of  from 
25  to  32  iathoms  (190  feet).  Now,  as  light,  according  to  the 
experiments  of  Bouguer,  after  traversing  180  feet,  is  w^ikened 
in  the  proportion  of  1  to  1477*8,  this  Fucus  must  have  been 
illuminated  when  growing  by  a  power  203  times  less  than 
that  of  a  candle  at  a  foot  distance.  Are  we  to  suppose  that 
this  feeble  d^ree  of  illumination  was  sufficient  to  decompose 
the  carbonic  acid  of  such  a  plant,  or  was  not  the  decomposi- 
tion rather  owing  to  the  operation  of  some  unknown  cause  ? 

"  Leaves,  which,  as  we  very  well  know,  are  usually  green, 
may  assume  different  colours  in  special  cases.  It  is  common 
to  see  in  the  autumn  this  green  change  to  yellow,  as  in  the 
Lombardy  poplar,  &c. ;  or  to  red,  as  in  the  barberry,  the 
sumach,  the  Virginian  creeper,  and  many  kinds  of  oaks.  It 
has  been  ascertained  by  Macaire  that  in  such  cases  the  leaf, 
shortly  before  this  change  takes  place,  ceases  to  exhale  oxygen 
in  sun-light  without  ceasing  to  absorb  it  at  night ;  whence  he 
infers  that  the  chromule  is  oxydized,  which  at  first  brings  on 
a  yellow  and  afterwards  a  red  colour,  for  the  most  decided  red 
always  begins  by  a  change  to  yellow.  It  is  remarked  that  red 
colours  are  most  common  in  leaves  which  contain  some  kind 
of  acid,  as  the  vine,  the  pear,  the  viburnum,  the  sorrel,  &c* 

A  A  3 


358  PHYSIOLOGY.  BOOK  11. 

The  red  colouring  matter  obtained  from  leaves  forms  infusions 
which,  like  those  from  flowers,  become  more  intense  when 
acted  upon  by  acids.  Yellow  leaves  act  in  this  manner  like 
yellow  flowers.  It  is  supposed  by  some,  that  wliile  red  is 
owing  to  the  development  of  acid,  other  colours  may  be 
ascribed  to  the  presence  of  an  alkali.  ITiis  is,  however,  far 
from  proved. 

"  The  same  colgurs  which  mark  leaves  in  the  autumn  may 
also  be  produced  by  certain  accidents.  Thus  the  puncture  of 
an  insect,  the  attacks  of  parasitical  fungi,  or  injury  from  early 
frosts,  produce  partially  or  entirely  yellow  or  red  colours ;  and, 
what  is  remarkable,  the  colours  thus  accidentally  assumed  are 
the  same  as  the  plant  would  have  taken  of  itself  in  the  autumn : 
thus  accidents  turn  the  leaves  of  the  poplar  and  the  lilac 
yellow,  of  tlie  sumach  or  the  pear  tree  red,  as  they  become 
in  tlie  autumn. 

"  Certain  leaves  offer  naturally  on  one  or  both  their  sur- 
faces marks  coloured  in  a  particular  manner,  from  the  mo- 
ment when  they  first  unfold.  Tradescantia  discolor,  and 
several  Begonias,  have  their  under  surface  red;  certain 
Arums  are  irregularly  blotched  with  red;  diere  are  spe- 
cies of  Amaranth  which,  in  an  apparently  healthy  and  natu- 
ral state,  have  leaves  banded  with  both  yellow  and  red. 
Macaire  has  determined  that  the  red  chromule  of  leaves 
which  are  thus  discoloured  is  chemically  the  same  as  that 
produced  in  the  autumn.  It  is  worthy  of  note,  that  in  regu- 
lar and  natural  colourations  red  is  very  common,  and  yellow 
comparatively  rare,  although  one  would  have  thought  that  the 
latter,  caused,  as  it  seems  to  be,  by  a  slighter  kind  of  change 
than  red,  would  have  been  the  most  common.  Blue  seems 
altogether  excluded  from  changes  of  the  leaves,  except  in  the 
case  of  certain  Eryngoes. 

"  In  many  plants,  the  leaves  which  grow  in  the  vicinity  of 
flowers  are  accustomed  to  offer  various  tints,  which  are 
almost  uniformly  in  unison  with  tlie  colours  of  the  flowers 
they  accompany;  such  floral  leaves  or  bracts  are  yellow  in  many 
Euphorbias,  scarlet  in  Sages,  violet  in  Clary,  and  blue  in 
particular  states  of  the  Hydrangea.  Macaire  assures  us  that 
the  chromule  of  tlie  bracts  of  Salvia  splendens  presents  tlie 
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same  chemical  characters  as  that  of  leaves  which  turn  red 
in  autumn.  Such  bracts  appear  coloured  because  the  chro- 
mule  deposited  in  their  cells  varies  in  its  degree  of  oxygen- 
ation, and  such  variations  appear  to  be  in  distinct  relation 
with  the  flowers.  The  same  observations  apply  to  many 
calyxes. 

"Why  then  should  it  be  different  with  petals  and  the 
petal-like  parts  of  a  flower?  These  organs  are  in  truth 
nothing  but  modified  leaves ;  they  are  capable  in  particular 
cases,  such  as  Hesperis  matronalis,  of  transforming  them- 
selves into  genuine  leaves,  green,  and  capable  of  exhaling 
oxygen.  Can  there  be  any  the  smallest  reasonable  doubt 
that  these  leafy  petals  contain  in  their  ceUules  a  chromule 
analogous  to  that  of  leaves,  and  consequently  that  when 
they  are  coloured  they  owe  their  colouring  to  a  modification 
of  chromule? 

"It  is  therefore  probable  that  all  tlie  various  colours  of 
flowers,  with  the  exception  of  certain  special  cases  determined 
by  the  presence  of  some  free  alkali  or  acid,  depend  in  gene- 
ral upon  the  various  degrees  of  oxygenation  of  their  chromule : 
and  that  this  theory  ought  to  extend  to  fruits  and  bracts 
where  those  organs  participate  in  tlie  same  colours. 

"  With  regard  to  the  exact  relation  that  colours  really  bear 
to  one  another,  and  to  the  causes  that  are  supposed  to  influ- 
ence them,  a  memoir  upon  the  colours  of  flowers,  published 
at  Tubingen,  in  1825,  by  Messrs.  Schubler  and  Funk,  is 
deserving  of  especial  attention.  From  their  account  it  ap- 
pears that  flowers  may  be  divided  intOi  two  great  series  — 
those  having  yellow  for  their  type,  and  which  are  capable  of 
passing  into  red  or  white,  but  never  into  blue ;  and  those  of 
which  blue  is  the  type,  which  can  pass  into  red  or  white,  but 
never  yellow.  The  first  of  these  series  is  called  by  these 
observers  oxydized,  and  the  second  disoxydized,  and  they 
consider  greenness  as  a  state  of  equilibrium  between  the  two 
series.  De  CandoUe  calls  the  first  series  xanthicj  and  the 
last  cyanic.  Upon  this  principle  tliey  admit  the  following 
scale,  leaving  white  out  of  consideration :  — 
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Bed 

Orange  red 

Orange  I     Oxydized  or 

Orange-yellow   f  Xanthic  series. 

YeUow 

Yellow-green 

Green 


Greenish-blue 

Blue 

Violet-blue 

Violet 

Violet-red 

Red 

Colour  of  leaves. 


Disoxjrdized  or 
Cyanic  series. 


**  Which  may  be  otherwise  expressed  thus  — 


Green. 


g 


•5^  "is 


'  Greenish-blue 

Blue 

Violet-blue 

Violet 
^  Violet-red 


Yellow-green 
Yellow 

Orange-yellow. 
Orange 
Orange -red 


Red. 


^<  It  will  be  at  once  remarked,  in  considering  these  tables, 
that  almost  all  flowers  susceptible  of  changing  colour  only  do 
it  in  general  by  rising  6r  descending  in  the  series  to  which 
they  belong.  Thus  in  the  xanthic  series,  the  flowers  of  Mar- 
vel of  Peru  may  be  yellow,  orange-yellow,  or  red ;  those  of 
the  Austrian  rose,  orange-yellow  or  orange-red ;  those  of  the 
Nasturtium  vary  from  yellow  to  orange  and  orange-red ;  those 
of  the  garden  Ranunculus  pass  through  every  gradation  in  the 
series,  from  red  to  green.  As  to  the  cyanic  series,  the  Ane- 
mone varies  from  blue  to  violet  and  red ;  the  Hyacinth  from 
green  to  red  through  all  the  gradations ;  the  Lithospermum 
purpuro-coeruleum  from  blue  to  violet-red;  and  the  China 
aster  from  violet-blue  to  violet,  violet-red,  and  red. 

"  Although  there  are  certain  exceptions  to  these  rules,  par- 
ticularly in  the  Hyacinths,  some  of  whose  varieties  approach 
the  xanthic  series,  yet  they  are  so  far  conformable  to  nature 
as  to  help  us  either  in  searching  for  the  causes  of  colours,  or 
in  predicting  the  possible  varieties  of  colour  in  flowers  of  the 
same  species,  and  sometimes  of  the  same  genus. 

"  To  the  xanthic  series  belong  all,  or  nearly  all,  the  species 
of  Cactus,  Fig-Marigold,  Aloe,  Cytisus,  Wood  sorrel.  Rose, 
Mullein,  Potentilla,  CEnothera,  Ranunculus,  Adonis,  Tulip, 
&c. ;  to  the  cyanic  series  those  of  Campanula,  Phlox,  Epilo- 
bium.  Hyacinth,  Geranium,  AnagaUis,  Globularia,  &c. 
Hence  we  may  assume  that  there  is  in  general  a  relation  be- 
tween the  colours  of  flowers  and  generic  classification  —  an 
hypothesis  which  may  be  the  more  readily  aditiitted  when  it  is 


CHAP.  XIV.  COLOUR   AND   SMELL.  861 

considered  that  some  apparent  exceptions  to  the  cases  just 
quoted  in  reality  confirm  the  rule:  as  for  instance,  in  the 
Campanula  aurea,  whose  flowers  are  deep  yellow,  in  a  series 
otherwise  cyanic :  it  is  now  known  that  this  plant  constitutes 
in  reality  a  genus  essentially  different  from  Campanula,  and 
called  Musschia;  and  so -with  others. 

"  It  will  have  been  remarked  that  white  is  omitted  from 
these  two  series.  It  may  be  doubted,  indeed,  whether  it 
really  exists  in  a  state  of  purity  in  flowers,  and  it  seems  to  be 
rather  some  other  colour  reduced  to  an  exceedingly  light  tint. 
Redout^,  the  French  flower-painter,  is  said  to  have  availed 
himself  with  great  advantage  of  this  fact.  He  always  placed 
the  flower  he  wished  to  represent  before  a  sheet  of  paper  like 
that  on  which  he  had  made  his  drawing,  and  he  uniformly 
found  that  the  flower  would  differ  from  the  paper  in  being 
more  yellow,  or  more  pink,  or  more  blue,  or  in  some  other 
way.  White  Campanulas  become  blue  when  they  are  dried ; 
infusions  of  white  flowers  in  alcohol  have  always  a  perceptible 
tinge.  Flowers  which  are  white  verging  upon  yellow,  yield 
infusions  which  alkalies  bring  to  a  more  decided  yellow  or  a 
more  positive  brown ;  infusions  of  those  which  are  white,  tend- 
ing to  blue  or  red,  become  light-red  by  the  action  of  acids, 
and  greenish  by  the  action  of  alkalies. 

**  It  is  probable  that  whiteness,  or  that  kind  of  paleness 
which  constitutes  white,  is  owing  to  the  chromule  not  being 
completely  elaborated.  This  may  be  inferred,  —  1.  from  the 
analogy  between  this  colour  and  blanched  plants ;  2.  from  the 
much  greater  number  of  white  flowers  in  northern  than  in 
equatorial  regions;  and  3.  from  a  considerable  number  of 
flowers  which  are  born  white  acquiring  some  other  colour  be- 
fore they  die,  if  exposed  to  solar  light.  Thus  the  Cheiranthus 
chamoeleo  has  a  flower  at  first  of  a  whitish  colour,  which 
afterwards  becomes  lemon-yellow,  then  red,  slightly  violet. 
Stylidium  fruticosum  has  its  young  petals  pale  yellow,  its  old 
ones  white  tinged  with  red.  The  flowers  of  CEnothera  tetrap- 
tera  are  at  first  whitish,  afterwards  pink,  and  finally  red.  The 
petals  of  the  common  tamarind  are  said  to  be  white  the  first 
day,  and  yellow  the  second.  The  corolla  of  Cobaea  scandens 
is  greenish-white  the  first  day,  and  violet  the  next.     Finally, 
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Hibiscus  mutabilis  unfolds  its  blossoms  in  the  morning  m^iite, 
by  noon  they  are  pink,  and  red  at  night  These  changes  are 
constant  in  the  West  Indies ;  but  Ramon  de  la  Sagra  ob- 
served, that  on  the  19  th  of  October,  1828,  the  flowers  of  this 
plant  remained  white  all  day  in  the  garden  at  die  Havaimah, 
and  did  not  become  pink  till  noon  the  next  day.  Now  this 
19th  of  October  was  remarkable  for  the  centigrade  thermome- 
ter not  rising  higher  than  19**,  while  the  ordinary  temperature 
of  the  flowering  season  of  the  Hibiscus  is  30°  centigr. ;  so  that 
it  would  seem  that  heat  has  some  important  connexion  with 
the  developement  of  colour ;  and  this  notion  is  in  accordance 
with  the  tact  already  mentioned,  that  white  flowers  are  most 
common  in  cold  countries. 

"  Black  is  omitted  in  the  two  series  of  colours;  it  appears 
to  be,  in  all  cases,  an  excessively  dark  state  of  brown,  produced 
from  a  yellow  base,  or  from  a  deep  red ;  and  is  of  too  rare  an 
occurrence  to  be  deserving  much  consideration,  while  so  much 
remains  to  ascertain  concerning  commoner  colours. 

"  In  red,  there  is  this  remarkable  fact,  that  it  belongs  to 
both  series ;  and  if  the  theory  of  oxydation  should  be  con- 
firmed, it  will  appear  to  result  from  both  the  maximum  and 
minimum  of  oxygenation.  We  may  remark,  indeed,  that  the 
various  tints  of  red  flowers  differ  much  more  from  each  other 
than  those  of  any  other  colour.  Those  which  become  red 
through  the  xanthic  series  have  usually  a  more  brilliant 
richer,  and  more  scarlet  hue ;  while  such  as  reach  it  through 
the  cyanic  series  have  a  decidedly  violet  tinge.  Rose,  which 
is  nothing  but  diffused  red,  may  belong  to  both  series ;  thus 
the  rose  colour  of  the  Hydrangea  evidentiy  tends  to  blue, 
while  that  of  the  rose  itself  appears  to  derive  its  origin  from 
yellow.  An  infusion  of  red  flowers  in  alcohol  takes  a  tinge 
more  or  less  red ;  add  a  little  acid,  and  this  colour  imme- 
diately deepens ;  sometimes,  as  in  the  Pelargonium,  it  passes 
to  orange.  Alkalies  produce  the  most  variable  results  in 
different  plants. 

^^  An  examination  of  the  two  most  irreconcileable  colours, 
yellow  and  blue,  points  out  some  characters  which  are  suffi- 
ciently well  marked. 

^^  Infusions  of  yellow  flowers  in  alcohol  are  of  a  clear  yellow, 
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without  the  flowers  losing  much  colour.  Acids  produce  no 
other  effect  in  these  infusions  than  to  weaken  their  colour 
slightly.     Alkalis  make  them  more  brilliant  or  browner. 

"  Blue  flowers  produce,  in  alcohol,  infusions  either  of  a 
clear  blue,  as  those  of  flax ;  or  very  dark,  as  in  the  case  of  the 
aconite  and  the  larkspur.  By  the  addition  of  acids  they 
become  red,  and  of  alkalies  green.  Those  which  are  coloured 
red  by  acids  will  not  recover  their  blueness  by  the  addition 
of  alkalies,  as  sometimes  happens  to  infusions  of  red  flowers. 
Macaire  having  seen  a  red  infusion  of  violets  regain  by  de- 
grees the  natural  blue  of  those  flowers,  by  the  addition  of  a 
vegetable  alkali,  such  as  quinine  or  strychnine,  suspects  that 
the  colour  of  the  violet  depends  upon  the  combination  of 
their  chromule  with  some  alkali.  Schubler  and  Funk  assure 
us  that  the  infusion  of  tlie  blue  day  lily  (Funkia  coerulea), 
treated  with  an  acid,  will  present  in  the  same  glass  all  the 
tints  of  the  coloured  spectrum.  Blues  are  among  the  most 
changeable  colours  in  vegetation,  passing  freely  to  white,  and 
to  different  tints  of  violet  and  red. 

^*  From  what  has  now  been  stated,  it  appears  to  result  that 
modifications  of  chromule  are  the  cause  of  the  diversity  of 
colours ;  and  that  these  modifications  depend  principally  upon 
the  degree  of  oxygenation.  In  leaves  fully  developed  the 
chromule  is  green ;  it  gains  a  tendency  to  yellow  or  red  when 
it  is  more  oxydized,  as  one  perceives  by  the  changes  of  the 
colour  of  leaves  in  autumn  by  the  effect  of  acids ;  and  it  ap- 
pears to  verge  to  blue  when  it  is  less  oxydized,  or,  which 
comes  to  the  same  thing,  more  carbonated :  thus  we  know 
that  the  flower  of  the  Hydrangea  becomes  blue  in  a  soil  suf- 
ficiently impregnated  with  carbonate  of  iron. 

"  All  the  brilliant  spectacle  of  vegetable  colours  tends  to 
disappear  either  in  consequence  of  accidents  or  upon  the  ap- 
proach of  death;  and  what  renders  this  subject  the  more 
curious  is  that,  1.  discolouration  is  often  determined  by  the 
same  agents  as  in  other  cases  produce  colour ;  and  2.  that 
certain  organs  which  have  no  colour  while  alive  gain  when 
dead  a  very  decided  tint. 

^'  Solar  light  seems  to  be  the  most  usual  cause  of  those 
losses  or  changes  of  colours.    While  plants  are  alive,  it  acts,  as 
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we  have  so  frequently  seen,  by  colouring  them ;  but  in  certain 
cases  its  too  powerful  action  discolours  them.  Thus  the  cul- 
tivators of  tulips  place  their  flowers  under  a  tent,  knowing 
very  well  that  the  direct  action  of  the  sun  tends  to  alter  their 
colours  more  promptly  than  would  be  the  case  in  the  shade. 
A  great  number  of  delicate  flowers,  particularly  of  those 
belonging  to  the  cyanic  series,  exhibit  this  phenomenon. 

**  Most  aquatic  plants  gain  in  death  a  whitish  hue ;  this  is 
particularly  remarked  in  sea-weeds,  which,  from  the  most 
brilliant  blue  or  green,  pass  to  white  when  they  die,  an  effect 
which  seems  to  be  augmented  when  they  are  exposed  to  air 
and  light;  but  the  exact  mode  of  action  of  these  several 
agents  has  not  been  appreciated.  Fresh-water  confervse  and 
several  aquatic  herbs  present  the  same  system  of  discolour- 
ation. Air  evidently  produces  its  effect  by  altering  their 
chromule,  probably  by  abstracting  its  carbon ;  for  such  is  the 
ordinary  effect  of  the  air  upon  dead  vegetable  matter.  Cha- 
ras,  in  particular,  when  dried  in  the  air,  become  quite  white ; 
this  tint  is  no  doubt  to  be  ascribed  to  the  alteration  pf  their 
chromule,  but  in  aU  probability  also  to  the  enormous  quantity 
of  calcareous  matter  that  those  plants,  while  alive,  fix  in  their 
tissue;  other  cases  of  a  like  nature  may  be  easily  named. 
The  straw-coloured  hue  of  the  green  parts  in  a  great  number 
of  dead  vegetables  after  death  depends,  on  the  one  hand,  upon 
the  oxygenation  of  their  chromule,  and  on  the  other  on  the 
decarbonization  determined  afler  death  by  the  action  of  the 
oxygen  of  the  air.  Most  leaves  when  they  die  are  invested 
with  a  uniform  russet  colour;  it  has  some  analogy  with 
what  happens  in  bletted  fruits,  such  as  the  medlar.  Such 
a  state  of  the  leaf  may  very  well  be  owing  in  leaves,  as  well 
as  in  fruits,  to  an  alteration  in  their  principles  analogous  to 
putrefaction  or  fermentation.  It  is  always  accompanied  with 
a  great  loss  of  water ;  but  we  have  no  direct  evidence  as 
to  the  nature  of  this  change. 

"  Not  less  curious  nor  less  difficult  to  reduce  to  any  in- 
telligible laws  is  the  subject  of  Vegetable  Odours.  Our 
senses  are  daily  gratified  by  the  sweet  perfumes  exhaled  by 
the  leaves  and  flowers  that  surround  us;  and  art  exhausts 
its  skill  to  preserve  them  by  means  which  enable  us  always  to 
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have  them  present  for  our  use;  but  as  to  the  reasons  whjr 
one  kind  of  flower  is  odoriferous,  and  another  scentless^  we 
are  still  more  in  the  dark  than  in  what  relates  to  colour. 
Here,  therefore,  we  shall  confine  ourselves  very  much  to  a 
mere  statement  of  facts,  introducing  theory  only  in  cases 
which  may  appear  to  be  pretty  well  understood.  For  this 
purpose  we  again  avail  ourselves  of  many  of  the  materials 
collected  by  De  CandoUe  in  his  invaluable  Vegetable  Physio^ 

^^  All  odours  are  owing  to  the  disengagement  of  volatile 
matter ;  and  as  there  are  few  organized  bodies  in  which,  in 
their  natural  state,  there  is  not  some  volatile  constituent  part, 
so  neither  are  there  many  organic  bodies  absolutely  destitute 
of  smell.  But  it  is  only  to  cases  in  which  the  scent  is  very 
perceptible  to  our  senses  that  we  apply  the  idea  of  odoriferous, 
and  it  is  consequently  to  those  that  we  here  confine  ourselves; 
dividing  them  into  permanent^  fugitive,  and  intermittent* 

^*  Those  odours  are  the  mo&t permanent  in  which  the  volatile 
matter  is  so  inclosed  in  cells  and  concentrated  as  to  disperse 
slowly.  Of  this  many  instances  are  afibrded  by  wood  and 
bark,  which  being  in  truth  the  only  permament  parts  of 
vegetation,  will  of  necessity  be  the  receptacle  of  durable 
odours;  such  parts  are  not  scented,  because  of  their  own 
proper  nature,  for  all  the  tissue  of  plants  is  originally  scentr 
less,  or  nearly  so ;  but  they  owe  their  property  to  the  fragrant 
secretions  imprisoned  in  their  cavities,  and  the  permanence  of 
their  odour  will  be  proportioned  to  the  difficulty  the  volatile 
parts  of  their  secretions  experience  in  escaping  through  the 
tissue  which  incloses  them,  as  well  as  to  the  degree  in  which 
the  volatile  matter  may  be  fixed.  Thus  resinous  woods,  such 
as  cedar  and  cjrpress,  are  fragrant  for  an  indefinite  period, 
because  the  resinous  matter  in  which  their  odour  resides  is 
parted  with  slowly.  Parts,  whose  scent  resides  in  essential 
oil,  preserve  their  scent  for  a  long  time,  where  the  essential 
oil  is  but  slightly  volatile,  or  the  wood  is  thick  and  hard: 
thus  the  rose-wood  of  Tenerifie  (not  the  rose-wood  of  the 
English  cabinet-makers),  produced  by  Convolvulus  scoparius, 
preserves  its  odour  a  very  long  time ;  and  in  order  to  elicit  it, 
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it  IS  necessary  to  rub  the  wood  strongly,  so  as  to  produce  heat 
enough  to  volatilise  the  matter  which  is  locked  up  in  the  very 
compact  tissue  of  which  that  plant  consists.  The  necessity 
of  producing  a  little  heat,  in  order  to  produce  an  exhalation 
of  the  volatile  matter,  is  further  exemplified  by  the  fragrance 
emitted  by  many  woods,  otherwise  scentless,  when  exposed  to 
the  violent  friction  of  a  turner's  lathe:  beech  is  said  to 
acquire,  imder  such  circumstances,  the  smell  of  roses.  But 
when,  on  the  other  hand,  the  volatile  matter  is  inclosed  in 
wood  of  a  loose  texture,  neither  is  heat  required  to  elicit  it, 
nor  has  the  wood,  if  exposed  to  the  air,  the  power  of  retaining 
it  for  any  considerable  time,  for  the  oxygen  of  the  atmosphere 
will  seize  upon  it  rapidly,  and  quickly  leave  nothing  behind 
but  the  inodorous  tissue:  this  happens  to  cassia  and  cin- 
namon. 

"  Fugitive  smells  are  those  which,  belonging  to  perishable 
organs,  are  either  extremely  perishable  in  their  very  nature, 
or  are  placed  in  tissue  of  the  laxest  kind,  or  are  situated  on  the 
surface  of  plants  where  their  volatile  parts  are  continually  ab- 
stracted by  the  atmosphere,  or  finally  are  secreted  in  quantities 
so  small  that  a  short  exposure  to  air  suffices  to  dissipate  them. 
All  these  odours  are  produced  only  during  the  life  of  a  plant; 
they  are  dispersed  as  they  are  formed,  and  afler  death  leave 
no  trace  of  their  existence  behind  them.  Like  permanent 
odours,  these  are  continually  given  off;  and  in  some  plants,  as 
the  orange  and  the  violet,  without  any  variation  in  intensity 
in  different  states  of  the  atmosphere ;  but  in  the  majority  of 
cases  the  power  of  the  smell  will  vary  according  to  the  eleva- 
tion of  temperature,  and  the  dampness  of  the  air.  This  fact 
must  be  familiar  to  all  who  are  acquainted  with  gardens.  In 
the  hot,  dry  weather  of  a  summer's  noon,  flowers  either  be- 
come scentless,  or  at  least  lose  a  large  proportion  of  their 
useful  fragrance ;  and  in  walking  through  a  wilderness  of  the 
most  sweet-smelling  plants,  we  find  little  sign  of  tlieir  odour, 
unless  they  are  bruised  or  trampled  upon.  But  if  a  heavy 
shower  should  come  on,  all  will  be  changed  in  an  hour's 
time;  every  leaf,  every  flower,  will  emit  its  peculiar  odour; 
the  musk  plant  (Mimulus  moschatus)  will  fill  the  air  with  its 
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singular  scent,  and  it  will  be  obvious  tliat  the  addition  of 
moisture  to  the  air  has  produced  a  total  change  in  the  action 
of  the  odoriferous  organs  of  plants. 

"  The  same  phenomenon  is  daily  repeated  in  the  driest 
days  of  autumn.  Those  only  who  are  accustomed  to  take 
their  early  walks  abroad  can  have  any  idea  of  the  difference 
between  a  richly  stored  garden  early  in  the  morning  and  at 
noon.  When  the  sun  has  dried  the  air,  and  has  been  beating 
for  some  time  upon  vegetation,  ill  able  to  bear  his  action  in 
consequence  of  the  dryness  of  the  source  from  which  it 
draws  its  means  of  compensating  for  evaporation,  however 
beautiful  a  garden  may  still  remain,  it  cannot  be  compared  to 
the  same  place  before  the  dew  has  dispersed  —  when  every 
herb,  tree,  and  flower  is  pouring  forth  a  stream  of  the  most 
varied  and  delicious  fragrance  —  when  the  air  is  impregnated 
with  the  most  delicate  balsamic  odours — and  when  all  nature 
seems  as  if  offering  up  incense  in  gratitude  for  the  refreshing 
powers  of  darkness  and  of  dew.  Let  any  one,  for  example, 
visit  a  thicket  of  cistuses  as  noon,  and  again  the  next  morn- 
ing, and  the  difference  will  be  exceedingly  apparent.  To 
what  cause  this  is  owing  is  unknown ;  possibly  the  effect  of 
dryness  and  excessive  heat  may  be  to  close  the  stomates,  and 
to  contract  the  tissue  of  plants,  thus  rendering  it  diflBcult  for 
volatile  matter  to  pass  through  their  cuticle :  it  may  also  act 
by  depriving  them  of  the  necessary  proportion  of  water  re- 
quired to  enable  them  to  perform  their  functions  of  secretion 
and  assimilation,  and  thus  arrest  for  a  time  the  elaboration  of 
the  fugitive  principles  upon  which  fragrance  depends.  While, 
however,  dew  and  showers,  with  intervals  of  bright  light,  are 
eminently  favourable  to  the  eliciting  of  vegetable  perfumes,  a 
continuance  of  wet  and  gloomy  weather,  vrithout  much  sun- 
shine, is  as  greatly  unfavourable.  This  latter  circumstance  is 
explicable  upon  the  general  law  of  physiology,  that  secretions 
cannot  be  readily  produced  without  the  direct  assistance  of 
the  sun's  light. 

"  With  regard  to  what  we  call  intermittent  odours,  no  expla- 
nation seems  possible  in  the  present  state  of  our  knowledge. 
A  few  examples  of  them  will  therefore  be  all  that  we  can 
give.     All  dingy-flowered  plants,  such  as  botanists  call  tristes^ 
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belong  to  this  class ;  such  as  the  Pelargonium  triste,  Hesperis 
tristisy  Gladiolus  tristisy  which  are  almost  entirely  scentless 
during  the  day,  but  become  deliciously  fragrant  at  night. 
Great  numbers  of  Orchideous  plants  have  flowers  possessing 
the  same  property:  the  Catasetums  have  a  fine  aromatic 
odour  at  night,  none  in  the  day  except  C.  purum ;  Cymbi- 
dium  sinense  is  also  chiefly  fragrant  at  night;  and  so  with  a 
great  many  more.  Cestrum  nocturnum  is  another  plant  of 
the  same  nature ;  in  the  day  it  has  no  odour,  at  night  its 
perfume  is  extremely  powerful.  One  of  the  most  singular 
instances  of  exceptions  to  all  rules  appears  to  be  referable  to 
this  class :  Cacalia  septentrionalis  exh^es  an  aromatic  odour 
if  exposed  to  the  direct  rays  of  the  sun ;  and  if  anything  is  inter- 
posed between  it  and  the  sun  its  odour  disappears,  but  is 
renewed  as  soon  as  the  interference  is  removed.'' 
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CHAPTER  XV. 


OF    FLOWERLESS    PLANTS. 


V^ERY  Htde  can  be  said  to  be  positively  known  of  tlie  manner 
in  which  the  organs  of  flowerless  plants  perform  what  are 
supposed  to  be  their  functions.  We  are  entirely  ignorant  of 
the  manner  in  which  the  stems  of  those  that  are  arborescent 
are  developed,  and  of  the  course  taken  by  their  ascending  and 
descending  fluids,  —  if,  indeed,  in  them  there  really  exist 
currents  similar  to  those  of  flowering  plants ;  which  may  be 
doubted.  We  know  not  in  what  way  the  fertilising  principle 
is  communicated  to  the  sporules,  or  reproductive  grains;  the  use 
of  the  different  kinds  of  reproductive  matter  found  in  most 
tribes  is  entirely  concealed  from  us ;  it  is  even  suspected  that 
some  of  the  simplest  forms  (of  Algae  and  Fungi,  at  least)  are 
the  creatures  of  spontaneous  growdi ;  and,  in  fine,  we  seem  to 
have  discovered  little  that  is  positive  about  the  vital  actions  of 
these  plants,  except  that  they  are  reproduced  by  their  sporules, 
which  differ  from  seeds  in  germinating  from  any  part  of  their 
surface,  instead  of  from  two  invariable  points.  Under  these 
circumstances,  it  would  be  useless  to  dwell  upon  the  subject : 
those  who  wish  to  make  themselves  acquainted  with  the 
speculations  of  botanists,  are  referred  to  the  valuable  writings 
of  Hedwig  on  Mosses,  of  Hooker  on  Jungermannice,  of 
Fries  on  Fungi,  of  Agardh,  Greville,  and  Bory  de  St.  Vin- 
cent upon  Algae,  of  Meyer  upon  Lichens,  of  Bischoff  upon 
Ekjuisetum,  of  Mirbel  on  Marchantia,  of  Martins  and  Mohl 
upon  Ferns,  &c. ;  and,  finally,  to  the  introduction  to  the 
Natural  sjrstem  of  Botany  by  the  author  of  the  present  work. 
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glossology;  or,  of  the  terms  used  in  botany. 


In  order  to  comprehend  the  language  of  botanists,  it  is  ne- 
cessary that  the  unusual  terms  or  words  which  are  employed 
in  writing  upon  the  subject,  and  which  are  either  different 
from  words  in  vulgar  use,  or  which  are  in  botany  employed  in 
a  particular  sense,  should  be  fully  explained. 

It  is  a  very  common  plan  to  mix  up  Glossology  with 
Organography,  or  to  confound  tlie  definition  and  explanation  of 
those  characterestic  terms  of  the  science  which  are  universally 
applicable,  with  the  description  of  particular  organs :  but  this 
plan  is  attended  with  many  inconveniences,  and  is  far  less 
simple  than  to  treat  of  the  two  separately.  It  was  an  error 
into  which  Linnaeus  fell,  in  composing  his  admirable  Philo- 
Sophia  Botanica;  and  is  the  more  remarkable,  if  the  logical  pre- 
cision with  which  that  work  is  otherwise  composed  be  con- 
sidered. Instead  of  distinguishing  those  terms  which  have  a 
general  application  to  all  plants  or  parts  of  plants,  according 
to  circumstances,  from  such  as  have  a  particular  application, 
and  relate  only  to  special  modifications,  he  placed  under 
his  definition  of  each  organ  those  terms  which  he  knew  to 
be  applicable  to  it ;  but,  as  it  was  not  his  practice  to  repeat 
terms  after  they  had  been  once  explained,  it  frequently 
luq)pened  that  beginners  in  the  science,  finding  a  given  term 
explained  once  only,  and  with  reference  to  a  particular 
organ,  fell  into  the  mistake  of  supposing  that  that  term 
was  applicable  only  to  the  organ  under  which  it  was  ex- 
plained.    To  avoid  this  difficulty,  other  botanists  have  col- 
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lected  under  eacli  organ  all  the  terms  which  could  by 
possibility  be  applied  to  it,  and  have  repeated  them  over  and 
over  again  without  regard  to  previous  definitions ;  as  if  they 
supposed  it  impossible  to  convey  by  words  an  idea  of  the 
meaning  of  any  term  whatever,  without  noticing  at  length 
every  possible  application  of  it.  Thus,  in  Willdenow's  Prin- 
ciples of  Botany^  the  most  common  and  simple  terms  are 
repeated  five,  six,  and  even  seven  times ;  and  in  a  more  modem 
work,  of  very  high  character  {Les  Elemens  de  Phytiologie 
Vigetdk  et  de  Botanique,  by  Mirbel),  the  same  practice  has 
been  carrried  so  far,  that  the  application  of  the  word  simple  is 
explained  in  twenty-three  different  instances. 

The  true  principles  of  arranging  the  glossology  of  science 
have,  however,  been  long  before  the  public.  In  the  year 
1797,  Link,  in  his  Prodromus  PhilosophuB  BotaniaB^  distin- 
guished the  characteristic  or  common  terms  used  in  Botany 
from  those  which  applied  only  to  particular  organs ;  and  his 
example  was  afterwards  followed  by  lUiger,  a  learned  Ger- 
man naturalist,  who,  in  the  year  1810,  proposed  a  total  refor- 
mation of  the  method  of  describing  the  terms  employed 
in  Natural  History  (see  his  Versuch  einer  Systematischen 
voUstdndigen  Terminologiejur  das  JTiierreich  tmd  Pflanzenreich). 
Little  attention,  however,  was  paid  to  the  principles  of  these 
writers  till  the  jrear  1813;  when  De  Candolle  adopted  them 
in  his  TMprie  Elimentaire  de  la  Botamquey  with  his  accustomed 
skill  and  sagacity. 

The  characteristic  terms  of  botany  are  those  which  have  a 
general  application  to  any  or  all  the  parts  of  plants,  and  must 
not  be  confounded  with  such  as  have  a  particular  application 
only,  which  will  be  found  under  the  organs  to  which  they  re- 
spectively belong :  the  former  are  either  individual  or  collective; 
of  which  the  first  apply  to  plants,  or  parts  of  plants,  con- 
sidered abstractedly ;  the  second  to  plants,  or  their  parts, 
considered  in  masses.  To  these  are  to  be  added  those 
syllables  and  marks  which,  either  prefixed  or  affixed  to  a 
known  term,  occasion  an  alteration  in  its  signification.  These 
I  call  terms  of  qualification.  In  the  following  arrangement, 
those  terms  which  are  seldom  used  are  marked  with  a  f ;  and 
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those  are  entirely  omitted  which  are  used  in  Botany  in  their 
common  acceptation. 

CHARACTERISTIC  TEFiMS  are  dtber  Ihditioual  or  Collictitk. 

CHA»ACTKftUnC    IWDITIOUAL    TxftXS  AK  dtbCT  ABSOLUTE  OT  RiLATITX. 
CoARACTXAItTIC    IVDITIDUAL  ^AMOLtTTX    TuUU  reUt*  tO^  — 

!•  Figure. 

A.  with  respect  to  general  form. 

B.  outline. 

C.  the  apex  or  point. 

A.  With  raepect  to  the  margin. 

B.  inddon. 

C  compodtion  or  ramification. 

5.  Surface, 

A.  With  respect  to  marking  or  erenncts. 

B.  appendages. 

C.  polish. 

4.  Texture. 

5.  Site* 

6.  Duration. 

7.  Colour, 

8.  VariegtUion, 

9.  Veining, 

CHAaAcnaisTic  Inditidual  Rxlatitx  Txems  comprefamd,  — - 

1.  Ettivation, 

2.  Direction. 
S.  Imertion. 

A.  with  respect  to  the  mode  of  attachment  or  of  adbesioii. 

B.  dtuation. 

CHAEACTBaiflTic  CoLLBCTiTx  TxEMs  rdatc  to^  •— 
1  •  jfrrange  nie  nt. 

3.  Number. 

Class  L     Of  Individual  Terms. 

The  terms  which  are  included  in  this  class  are  applied  to  the 
parts  of  a  plant  considered  by  diemselves,  and  not  in  masses : 
they  are  either  absolute,  being  used  with  reference  to  their 
own  individual  quali^;  or  relative,  being  employed  to  ex* 
press  the  relation  which  is  borne  by  plants,  or  their  parts, 
to  some  other  body.  Thus,  for  example^  when  we  say  that  a 
plant  has  a  lateral  ovate  spike  of  flowers,  the  term  lateral  is 
relative,  being  used  to  express  the  relation  which  the  spike 
bears  to  the  stem;  and   the  term  ovate  is  absolute^  being 
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expressive  of  the  actual  form  of  the  spike :  and,  again,  in 
speaking  of  a  rvgote,  termincd  capsule,  mgose  is  absolute,  ter- 
minal is  relative. 

I.  Of  Individual  Absolute  Temu. 

These   relate   to  figure,   division,   sur&ce,   texture,   size, 
duration,  colour,  vari^ation,  and  veining. 


1.  Of  Figure. 
A.  ffith  re^Kct  to  general  form. 


. .  Conical   (omietM,  f  pjframidalu) ;    having  the  figure  of  a 

true   cone;    as   the  prickles    of   some  roses,   the    root    of 

carrot,  &c 
!.  Conoidal    (conoubtM);  resembling  a  conical  iigure,  but  not 

truly  one;  as  the  calyx  of  Silene  conoidea. 
).  msm-sfaaped  (primuUieut) ;  having  several  longitudinal  an- 
gles and  intermediate  flat  &ces;  as  the  calyx  of  Frankenia 

pulverulenta. 
k  Globose  (jftoionu,  ^tharieiu,  f  gtobidonu) ;  fbnning  neaHj 

a  true  sphere ;  as   the   fruit  of  Ligustrum   vulgare,   many 

seeds,  Ac 
i.  Cylindrical  ((^Im^-ietu);    having  nearly   a  true  cylindrical 

figure;  as  the  stems  of  grasses,  and  of  most  monocotyledonous 

plants. 
i.  Tubular  {tu&uhiui,  f  tubitbUtu) ;  approaching  a  cylindrical 

figure,  and  hollow ;  as  the  calyx  of  many  Silenes,  &c. 
r.  Fistulous  (^fittuhtut);  this  is  said  of  a  cylindrical  or  terete 
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body,  which  is  hollow,  but  cloned  at  each  end,  a*  the  leaves 
and  ktema  of  the  onion. 

8.  Cubical  (f  cubieiu) ;  having  or  approaching  the  form  of  a 
cube  :  a  very  rare  form,  chiefly  occurring  in  some  leedi,  aa 
that  of  Vicia  lathyroldei. 

9.  Club-ihaped  (clavatiu,  f  clavifomiit)  ;  gradually  thidtening 
upwards  from  very  a  taper  ba»e;  as  the  appendages  of 
the  flower  of  Schwenkia,  or  the  style  of  Campanula  and 
Michauxia. 

10.  Turbinate,  or  top-shaped  (turbinattu) ;  inversely  conical,  with 
a  contraction  towards  the  point,  as  the  fruit  of  tome  roses. 

11.  Pe&t-th&'ped  (pyriformit);  differing  from  turbinate  in  being 
more  elongated,  as  in  many  kinds  of  pears. 

12-  f  Tear-shaped  (f^ocAryiiHc^mM);  the  same  as  pear-shaped, 
except  that  the  sides  of  the  inverted  cone  are  not  contracted ; 
as  the  seed  of  the  apple. 

13.  f  Strombus-shaped  {  f  ttromhut^onuU) ;  twisted  in  a  long 
spire,  GO  Bs  to  resemble  the  convolutions  of  the  riiell  called  a 
Strombus;  as  the  pod  of  Acacia  strombulifera,  or  Medicago 
polymorpha. 

H.  Spiral  (^ipiraiu)  ;  twisted  like  a  corkscrew. 

15.  Cochleate  (cocUeo/tu) ;  twisted  in  a  short  spire,  to  as  to 
resemble  the  convolutions  of  a  snail-shell ;  as  the  pod  of 
Medicago  cochleala,  the  seed  of  Salicomia. 

16.  Turnip-shaped  (fuipifbrmii);  having  the  figure  of  a  de- 
pressed sphere ;  as  the  root  of  the  turnip  radish,  &c. 

17.  t  Placenta-shaped  (fptMenti/bmtu);  thick,  round,  and  con- 
cave,  both  on  the  upper  and  lower  surfiice;  as  the  root  of 
Cyclamen. 
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18.  Lens-shaped  (leHHculariSy  lenHfimnis);  resembling  a  double 
convex  lens,  as  the  seeds  of  Amaranthus. 

19.  Buckler-shaped  (scuiatuSf  mnttiformU),  having  the  figure  of 
a  small  round  buckler,  as  the  scales  upon  the  leaves  of 
Elseagnus ;  lens-shaped,  with  an  elevated  rinK 

20.  Bossed  (umbatuUui) ;  round,  with  a  projecting  point  in  the 
centre,  like  the  boss  of  an  ancient  shield,  as  the  pileus  of 
many  species  of  Agaricus. 

21.  Gibbous  {gibhUf  gibbo8us)\  rery  convex  or  tumid,  as  the 
leaves  of  many  succulent  plants ;  properly  speaking,  this  term 
should  be  restricted  to  solid  convexities. 

22.  t  Melon-shaped  (f  melontformis) ;  irregularly  spherical,  with 
projecting  ribs ;  as  the  stem  of  Cactus  melocactus :  a  bad 
term. 

2d.  Spheroidal  {^Dherwdeus) ;  a  solid  with  a  spherical  figure,  a 

little  depressed  at  each  end.    De  Cand, 
24^  Ellipsoidal  {eU^Moideus) ;   a  solid  with   an  elliptical   figure. 

J)e  Cand. 

25.  Ovoidal  (avaideus) ;  a  solid  with  an  ovate  figure,  or  resembling 
an  egg.    De  Cand, 

26.  Shield-shaped  (elypeaiua) ;  in  the  form  of  an  ancient  buckler 
the  same  as  scutate.  No.  19. 

27.  Spindle-shaped  (/ustfimnuy  ffiuinus);  thick,  tajpering  to 
each  end ;  as  the  root  of  the  long  radish.  Sometimes  conical 
roots  are  called  fusiform,  but  improperly. 

28.  Terete,  or  taper  (teres) ;  the  opposite  of  angular ;  usually  em- 
ployed in  contradistinction  to  that  term,  when  speaking  of  long 
bodies.    Many  stems  are  terete. 

29.  Half  terete  (semiieres) ;  flat  on  one  side,  terete  on  the 
other. 

30.  Compressed  (eampressus) ;  flattened  lengthwise,  as  the  pod 
of  a  pea. 

51.  Depressed  (c&gwietntf)  ;  flattened  vertically,  as  the  root  of  m, 
turnip. 

52.  Plane  (planus) ;  a  perfectly  level  or  flat  sur&ce,  as  that  of 
many  leaves. 

33.  Cushioned  (pulvinatus) ;  convex,  or  rather  flattened :  seldom 
used. 

34.  Discoidal  (diseoideus) ;  orbicular,  with  some  perceptible 
thickness,  parallel  faces,  and  a  rounded  border ;  as  the  fhiit  of 
Strychnos  Nux-vomica. 

35.  Curved  (areuaiusy  curvahu) ;  bent,  but  so  as  to  represent  the 
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arc  of  a  circle ;  as  the  fruit  of  Astragalus  hamosus,  Medicago 
&lcata,  &c. 
36.  Scimitar-shaped  (€unnacifomus) ;  curved,  fleshy,  plane  on  the 
two  sides,  the  concave  border  thick,  the  convex  border  thin  ; 
as  the  leaves  of  Mesembryanthemum  acinaciforme. 

57.  Axe-shaped  (doktbriformis)  \  fleshy,  nearly  straight,  some- 
what terete  at  the  base,  compressed  towards  the  upper  end ; 
one  border  thick  and  straight,  the  other  enlarged,  convex, 
and  thin ;  as  the  leaves  of  Mesembryanthemum  dolabri- 
forme. 

58.  Falcate  (ftilcatus);  plane  and  curved,  with  parallel  edges, 
like  the  blade  of  a  reaper's  sickle ;  as  the  pod  of  Medicago 
fidcata:  any  degree  of  curvature,  with  parallel  edges,  re- 
ceives this  name. 

39*  Tongue-shaped  (linguiformis)  ;  long,  fleshy,  plain  convex, 
obtuse ;  as  the  leaves  of  Sempervivum  tectorum,  and  some 
aloes. 

40.  Angular  (anguhstu);  having  projecting  longitudinal  angles. 
We  say  obtuse-angled  when  the  angles  are  rounded,  as  in  the 
stem  of  Salvia  pratensis;  and  acute-angled  when  they  are 
sharp,  as  in  many  Carices.  Some  call  these  angles  the 
acies. 

41.  Three-cornered  (trigonus) ;  having  three  longitudinal  angles 
and  three  plain  faces,  as  the  stem  of  Carex  acuta. 

43  _  44  45 

46 


4f2,  Three-edged  (triangularis^  triqueter);  having  three  acute 
angles  with  concave  &ce8,  as  the  stems  of  many  plants; 
generally  used  as  a  sjmonyme  of  trigonus. 

43.  Two-e^ed  (ancq^s) ;  compressed,  with  two  sharp  edges,  as 
the  stem  of  an  Iris. 

44.  Keeled  (carintUus) ;  formed  in   the  manner  of  the  keel  of 


CLASS  !•-  INDIVIDUAL    ABSOLUTE   TERMS.  377 

a  boat;  that  is  to  say,  with  a  sharp  projecting  ridge,  aris- 
ing from  a  flat  or  concave  central  rib,  as  the  glumes  of 
grasses. 

45.  Channelled  (canaUcukUus) ;  long  and  concave,  so  as  to  re- 
semble a  gutter  or  channel ;  as  the  leaves  of  Lygeum  Spar, 
tum,  Tradescantia  virginica,  &c. 

46.  Boat-shaped  {c^fmbtformUf  navicularis) ;  having  tlie  figure  of 
a  boat  in  miniature ;  that  is  to  say,  concave,  tapering  to  each 
end,  with  a  keel  externally,  as  the  glumes  of  Phalaris  cana- 
riensis :  scarcely  difierent  firom  44'. 

47.  Whip-shaped  {flagMijormis) ;  long,  taper,  and  supple,  like 
the  thong  of  a  whip ;  as  the  stem  of  Vinca,  and  of  many 
plants.     This  term  is  confined  to  stems  and  roots. 

48.  Rope-shaped  {Junalisy  \  fimiUformu)  \  formed  of  coarse 
fibres  resemblmg  cords,  as  the  roots  of  Pandanus,  and  other 
arborescent  monocotyledons.    MitheL 

49.  Thread-shaped  (Jiliformis) ;  slender  like  a  thread,  as  the 
filaments  of  most  plants,  and  the  styles  of  many. 

50.  Hair-shaped  (capiUaris) ;  the  same  as  filiform,  but  more  de- 
licate, so  as  to  resemble  a  hair ;  it  is  also  applied  to  the  fine 
ramifications  of  the  inflorescence  of  some  plants,  as  grasses. 

51.  Necklace-shaped  (numiii/ormiSf  f  nodosus^  Mirb.)  ;  cylin- 
drical or  terete,  and  contracted  at  regular  intervals ;  as  the 
pods  of  Sophora  japonica,  Ornithopus  perpusillus,  &c.,  the 
hairs  of  Dicksonia  arborescens,  &c. 

52.  Worm-shaped  (vermicularis) ;  thick,  and  almost  cylindrical, 
but  bent  in  different  places;  as  the  roots  of  Polygonum  Bis- 
torta.     Willd. 

53.  Knotted  (torulosus) ;  a  cylindrical  body,  uneven  in  surfiice, 
as  the  pod  of  Chelidonium :  this  is  very  nearly  the  same  as 
moniliform. 

54.  Trumpet-shaped  (tubteformis^  tubahts) ;  hollow,  and  dilated 
at  one  extremity,  like  the  end  of  a  trumpet,  De  Cand.;  as  the 
corolla  of  Caprifijlium  sempervirens. 

5S^  Homed  (comaAtf,  comiculaius) ;  terminating  in  a  process 
resembling  a  horn,  as  the  fruit  of  Trapa  bicomis.  If  there 
are  two  horns,  the  word  bicomis  is  used ;  if  three,  tricomis  ; 
and  so  on. 

56*  Beaked  (probascideus) ;  having  a  hard  terminal  horn,  as  the 
fruit  of  Martjmia. 

57.  Crested  (crisiaius);  having  an  elevated,  irregular,  or  notched 
ridge,  resembling  the  crest  of  a  helmet.  This  term  is  chiefly 
applied  to  seeds,  and  to  the  appendages  of  the  anthers  of 
some  Erics ;  such  as  E.  triflora  and  comosa. 


5B.  Petal-iike  (petaloideta);  having  the  colour  and  texture  of  ■ 
petal  i  as  one  lobe  of  the  calyx  of  Musstenda,  the  bractMe  of 
many  plants,  the  stamen  of  Canna,  the  stigmata  of  Int. 

59.  Let^-Iike  (JbUaceout,  \faliiformu,  \phyOaidau)i  having  the 
texture  or  form  of  a  leaf;  as  the  lobes  of  the  calyx  of  Rosa, 
the  apex  of  the  fruit  of  FraxinuSf  the  peraistait  petals  of 
MelanorhKa. 

6(X  Winged  [aitUuM) ;  having  a  thin  broad  mai^in;  as  the  fruit  of 
PaliuruB  australiS)  the  seed  of  I^alcaraisi  Bignonio,  Ac  In 
composition  pUnu  is  used ;  as  dipUnu  for  tiro-winged,  (r^ 
tenu  for  three-winged,  teimptenu  for  four-winged,  &c, ;  pe- 
riplenu  when  the  wing  surrounds  any  thing ;  tpipltnu  when 
it  terminates. 

61>  f  Mill-sail-^haped  (fmoUndinaceui^  ;  having  many  wings  pro- 
jecting firom  a  convex  sur&ce;  as  the  fruit  of  some  umbelliferous 
plants,  and  of  Moringa. 

62.  f  Knob-like  (f  gimffylodai) ;  having  an  irr^ular,  roondiah 
figure. 

63.  Halved  (dumdiatut):  only  half,  or  partially  formed.  A  Iwf 
is  called  dimidiate  when  one  side  only  is  perftct;  an  anther 
when  one  lobe  only  is  perfect ;  and  so  on. 

64'.  Fan-shaped  (^fiabelUfimnii) ;  plaited  like  the  rays  (^  a  Ian ; 
as  the  leaf  of  Borassus  flsbelliformis. 

65.  Gnimous  Iffrumotia) ;  in  form  of  little  clustered  grains,  as 
the  root  of  Neottia  Nidus-avis,  JKrb. ;  rather  as  the  fccula  in 
the  stem  of  the  Sago  palm. 

66.  f  Testicular  {fiatieulatiu)  i  having  the  figure  of  two  oUtmg 
bodies,  as  the  roots  of  Orchis  mascula. 

67.  Ringent,  or  personate  (rtngefu,  pa-tonta»i) ;  a  term  ^iplied 
to  a  monopetalous  corolla,  the  limb  of  which  is  unequally 
divided;  the  upper  division,  or  lip,  being  arched;  the  lower 
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prominent,  and  pressed  against  it,  so  that  when  compressed, 
the  whole  resembles  the  mouth  of  a  gaping  animal ;  at  the 
corolla  of  Antirrhinum. 

68.  Labiate  (lalnaius) ;  a  term  applied  to  a  monopetalous  calyx 
or  corolla,  which  is  separated  into  two  unequal  divisions ;  the 
one  anterior,  and  the  other  posterior  with  respect  to  the  axis : 
hence  bilabiate  is  more  commonly  used  than  labiate.  Salvia, 
and  many  other  plants,  afford  examples.  It  is  often  employed 
instead  of  ringent. 

69.  Wheel-shaped  {roiaius) ;  a  caljnc  or  corolla,  or  other  organ, 
of  which  the  tube  is  very  short,  and  the  segments  spreading ; 
as  the  corolla  of  Veronica  and  Galium. 

70.  Silver-shaped  {hypocraierifoTmis) ;  a  calyx  or  corolla,  or  other 
organ,  of  which  the  tube  is  long  and  slender,  and  the  limb 
flat ;  as  in  Phlox. 

71.  Funnel-shaped  (tn/Umft6tt/am,  infimdilndifoTmis)\  a  calyx  or 
corolla,  or  other  organ,  in  which  the  tube  is  obconical,  gradually 
enlarging  upwards  into  the  limb,  so  that  the  whole  resembles 
a  funnel ;  as  the  corolla  of  Nicotiana. 

72.  Bell-shaped  (eaimpanulaiusy  \campanaeeu8,  \campamformis) ; 
a  calyx,  corolla,  or  other  organ,  in  which  the  tube  is  inflated, 
and  gradually  enlarged  into  a  limb,  the  base  not  being  conical ; 
as  the  corolla  of  Campanula. 

73.  Pitcher-shaped  (ureeolatus) ;  the  same  as  campanulate,  but 
more  contracted  at  the  orifice,  with  an  erect  limb;  as  the 
corolla  of  Vaccinium  myrtillus. 

74k  Cup-shaped  (eyaMfmrmUi) ;  the  same  as  pitcher-shaped,  but 
not  contracted  at  the  margin ;  the  whole  resembling  a  drinking 
cup ;  as  the  limb  of  the  corolla  of  Symphjrtum. 

75.  f  Cupola-shaped  {\  eupultformis)  \   slightly  concave,  with  a 
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nearly  entire  margin ;  as  the  calyx  of  Citrus,  or  the  cup  of 
an  acorn. 
76.  Kneepan-shaped  (paieUififmUs) ;  broad,  round,  thick;  con- 
vex on  the  lower  surface,  concave  on  the  other :  the  same  as 
meniscoideuSf  but  thicker.  The  embr}'0  of  Flagellaria  indica 
is  patelliform. 


77«  f  Pulley-shaped  (flrochlearis) ;  circular,  compressed,  con- 
tracted in  the  middle  of  its  circumference,  so  as  to  resemble  a 
pulley  ;  as  the  embryo  of  Commelina  communis. 

78.  Scutelliform  (sctUeUybrmis) ;  the  same  as  patelliform,  but  oval ; 
not  round,  as  the  embryo  of  grapes. 

79.  Brush-shaped  (f  mu^cariformis) ;  formed  like  a  brush  or 
broom ;  that  is  to  say,  furnished  with  long  hairs  towards  one 
end  of  a  slender  body,  as  the  style  and  stigma  of  many  Com- 
posites. 

80.  Acetabuliform  (  acetabultformisy  f  acetabuleua)  ;  concave, 
depressed,  roimd,  with  the  border  a  little  turned  inwards ;  as 
the  fruit  of  some  lichens.  * 

81.  t  Goblet-shaped  (f  cra£eri^!^nii») ;  concave,  hemispherical,  a 
little  contracted  at  the  base ;  as  some  Pezizas. 

82.  t  Cotyliform  (f  cotyliform) ;  resembling  rataUj  but  with  an 
erect  limb. 

8S.  f  Poculiform  (^\p(HmUformi8) ;  cup-shaped,  with  a  hemispheri- 
cal base  and  an  upright  limb;  nearly  the  same  as  cam- 
panulate. 

84.  f  Pouch-shaped  (^\  icre^ormis)  \  hollow,  and  resembling  a 
little  double  bag ;  as  the  spur  of  many  Orchises. 

85.  f  Foxglove-shaped  (f  digiudybrmis) ;  like  campanulate,  but 
longer,  and  irregular ;  as  the  corolla  oi  Digitalis. 
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S.  f  Vase-Bh^>ed  (f  vascularu) ;  formed  like  a  f!ower>pot ;  tliat 
is  to  say,  resembling  an  inverted  truncate  cone. 

7.  t  Tapevorm-Bhtiped  {f  ttenianiu)  ;  long,  cylindrical,  con- 
tracted in  various  places,  in  the  manner  of  the  tapeworm. 

).  \  Saus^e-shaped  (f  botultformu) ;  long,  cylindrical,  hollow, 
curved  inwards  at  each  end ;  as  the  corolla  of  some  Ericas. 

9.  t  Umbrella-shaped  (f  um&raculiformu)  ;  resembling  an  ex- 
panded umbrella;  that  is  to  say,  hemispherical  and  convex, 
with  rays,  or  plaits,  proceeding  from  a  common  centre ;  as  the 
stigma  of  poppy. 

X  fMeniflcoid  (fmcntMoKfetM);  thin,  concavo-convex,  and  he- 
mispherical, resembling  a  watch-glass. 

I.  Mushroom-beaded  {Jtmgiformu,  fimgilUformit);  cylindrical, 
having  a  rounded,  convex,  overhanging  extremity;  aa  the 
embryo  of  some  raonocotyledonous  plants,  as  Musa. 

i.  t  Nave-shaped  {\ntodiohfomtu);  hollow,  round,  depressed, 
with  a  very  narrow  orifice  ;  aa  the  ripe  fruit  of  Gaultheria. 

1.  Hooded  (citndlatut) ;  a  plane  body,  the  apex  or  sides  of  which 
are  curved  inwards,  so  as  to  resemble  the  point  of  a  slipper,  or 
a  hood ;  as  the  leaves  of  Pelargonium  cucullatum,  the  spatha 
of  Arum,  the  labellum  of  Pharus. 

I.  \  Saddle-shaped  {Meii^omiu) ;  oblong,  with  the  sides  hanging 
down,  like  the  laps  of  a  saddle;  as  the  labellum  of  Cateleya 
LoddlgesiL 

;.  Turgid  (^tttrgidia) ;  slightly  swelling. 

).  Bladdery  (if^htut) ;  thin,  membranous,  slightly  transparent, 
swelling  equally,  aa  if  inflated  with  air ;  as  the  cdyx  of  Ca- 
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97.  Bellying  (ventrieottu)  ;  iwelling  unequally  on  oncude,  u  the 
corolla  of  many  labiate  and  penooate  plants. 

98.  Regular  (rtfftitaru) ;  in  which  all  the  part*  are  symmetrica] : 
a  rotate  corolla  ia  r^ular;  the  floirer  of  a  cherry  ia  regulv. 

99.  Irregular  (trrtguhrit)  ;  in  which  symmetry  it  destn^ed  by 
■ome  inequality  of  parta ;  a  labiate  coroUa,  the  flower  of  tlM 
luirte-cfaeanut,  and  the  violet*  are  irr^ular. 

100.  Abnormal  (abiomiM)  ;  in  which  some  departure  takei  place 
frtwn  the  ordinary  itructure  of  the  famfly  or  genua  to  wludi 
a  given  plant  belong*.  Thui,  Nicodana  multivalric,  in  whidi 
the  ovarium  has  many  celli  instead  of  two,  ia  ununial  or 
abnonnal. 

101.  Normal  (normalU) ;  in  which  the  ordinary  itnicture  pecu- 
liar to  the  family  or  genus  of  a  given  plant  is  in  nowtae 
departed  from. 

B.   With  reject  to  outline. 


1.  Outline  {ambiliu,  drcunueriptio) ;  the  figure  repreaented  by 
the  margin  of  a  body. 

2.  Linear  (lintarit) ;  narrow,  short,  with  the  two  opposite  mar- 
gins parallel;  aa  the  leaf  of  the  Tasua. 

3.  \  Band-shaped  {^\  fateiarivi)  ;  narrow,  very  long,  with  the  two 
opposite  margins  parallel;  as  the  leaves  of  Zostera  marina. 

4.  Strap-shaped  (Uffvlatui,  hratut),  narrow,  moderately  long, 
with  the  two  opposite  margins  parallel ;  as  the  leaves  of 
Amaryllis  equestris. 

5.  Lanceolate  (ImoaoAiAff) ;  narrowly  elliptical,  tapering  to  eadi 
end;  as  the  leaf  of  Flantago  lanceolata,  Etephne  meze- 
reum,  &c. 
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6.  (^bloDg  (obhngus) ;  elliptical,  obtuse  at  each  end ;  as  the 
lea^of  the  hazel. 

7.  Oval  (avalisy  eU^fUcus);  elliptical,  acute  at  each  end;  as  the 
leaf  of  Cornus  sanguinea. 

8.  Ovate»  or  f  egg-shaped  (ovahts) ;  oblong  or  elliptical^  broadest 
at  the  lower  end,  so  as  to  resemble  the  longitudinal  section 
of  an  egg ;  as  the  leaf  of  Stellaria  media. 

9.  Orbicular  (arlncularis) ;  perfectly  circular,  as  the  leaf  of  Co- 
tyledon orbiculare. 

10.  Roundish  (rotunduSy  subrotundus^  roiundaius);  orbicular,  a 
little  inclining  to  be  oblong ;  as  the  leaf  of  Lysimachia  num- 
mularia,  Mentha  rotundifolia. 

11.  Spatulate  (qniiulaius) ;  oblong,  with  the  lower  end  very 
much  attenuated,  so  that  the  whole  resembles  a  chemist's 
spatula ;  as  the  leaf  of  Bellis  perennis. 

12.  Wedge-shaped  (cuneatusy  cuneifarmiSf  f  cwmtrius) ;  inversely 
triangular,  with  rounded  angles ;  •  as  the  leaf  of  Saxiiraga 
tridentata. 

13.  Awl*shaped  (^suhulalus) ;  linear,  very  narrow,  tapering  into  a 
very  fine  point  from  a  broadish  base ;  as  the  leaves  of  Arena- 
ria  tenuifolia,  Ulex  europeus. 

14.  Needle-shaped  (acerosus);  linear,  rigid,  tapering  into  a  fine 
point  from  a  narrow  base ;  as  the  leaves  of  Juniperus  com- 
munis. 


15.  Sword-shaped  (ensiformisy  gladiaius) ;  lorate,  quite  straight, 
with  the  point  acute ;  as  the  leaf  of  an  Iris. 

16.  t  Parabolical  (f  paraboHeus);  between  ovate  and  ellip- 
tical, the  apex  being  obtuse;  as  the  leaf  of  Amaranthus 
Blitum. 
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17-  Rhomboid  (rhonAau,  rhomboideut) ;  oval,  a  little  angular  in 
the  middle;  aa  the  leaf  ofHibiscus  rhombifoliua. 

18.  Deltoid  (ddtoidei) ;  a  lolid,  the  trangvene  section  of  which 
lia»  a  triangular  outline)  like  the  Greek  A ;  as  the  leaf  of 
MeBembryanthemura  deltoideum. 

19.  IViangular  (triangulariM)  ;  having  the  6gure  of  a  triangle  of 
any  kind  ;  as  the  leaf  of  Betula  alba. 

20.  Trapeziforni  (trapexiformit,  tn^t^oideut) ;  having  four  edges, 
those  which  are  opposite  not  being  parallel ;  as  the  leaf  of 
Adiantum  trapeziforme,  Populus  nigra. 

SI.  Heart-shaped  (cordatut,  cordifomtit) ;  having  two  round 
lobes  at  the  base,  the  whole  resembling  the  heart  in  a  pack 
of  cards ;  aa  the  leaf  of  Alnus  cordifolia. 

22.  Eared  (aurieulatut)  ;  having  two  small  rounded  levies  at  the 
base;  as  the  leaf  of  Salvia  officiualis. 

23.  Crescent-shaped  (lunaita,  Immlaltu,  f  aamlunaiiu)  ;  resem- 
bling the  figure  of  the  crescent ;  as  the  glandular  apex  of  the 
involucral  leaves  of  many  Euphorbias. 

24.  Kidney-shaped  (rmi^rtMu,  -f  renarius) ;  resembling  the  figure 
of  a  kidney ;  that  is  to  say,  crescent-shaped,  with  the  ends 
rounded;  as  the  leaf  of  Asarum  europsum. 

25.  Arrow-headed  (aaffiOatvs) ;  gradually  enlarged  at  the  base 
into  two  acute  straight  lobes,  like  the  head  of  an  arrow ;  aa 
the  leaf  of  Rumex  acetosella. 


86.  Halbert-headed  (hattatM) ;  abruptly  enlarged  at  the  base 
into  two  acute  diverging  lobes,  like  the  bead  of  an  halbert ; 
as  the  leaf  of  Arum  maculatum. 

27.  Fiddle-shaped  {panduratia,  ptmdtmformit) ;  obovate,  with  a 
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deep  recess  or  lious  on  each  aide ;  as  the  leaves  of  Rumex 
pulcher. 

28.  Lfre-shaped  (/^roAu);  the  same  as  pandurifonn,  but  with 
several  siniuea  on  each  side,  which  graduaJly  diminish  in  size 
to  the  base  ;  as  the  leaf  afGeuni  urbanum,  Raphaniu  Rapha- 
nistrum. 

S9.  Runcinate,  or  hoolt-backed  (runcitiatui) ;  curred  in  a  direc- 
tion from  the  apex  to  the  base ;  as  the  leaf  of  Leontodon 
Taraxacum. 

90.  Tapering  (oOmuoAM)  ;  gradually  diminishing  in  breadth. 

31.  Wavj  (mdiiiatui) ;  having  an  uneven,  alternately  convex 
and  concave  margin,  as  the  holly  leaf. 

32.  Equal  (aqualu) ;  when  both  sides  of  a  figure  are  symmetri- 
cal;  as  the  leaf  of  an  apple. 

33.  Unequal  (tnaquaiU)  ;  when  the  two  sides  of  a  figure  are  not 
■ymmetricBl ;  as  the  leaf  of  Begonia. 

34.  Equal-sided  (tequilatenu) ;  the  same  as  equal. 

35.  Unequal-sided  (ittaquUaienu) ;  the  same  as  unequal. 

36.  Oblique  (obUgwu) ;  when  the  degree  of  inequality  in  the 
two  sides  is  slight. 

37-  Halved  (dimi^atiu) ;  when  the  degree  of  inequality  is  so 
great  that  one  half  of  the  figure  is  either  wholly  or  nearly 
wanting ;  aa  the  leaf  of  many  Bryonias. 

C.   ffi^  rttpect  to  the  aptx,  or  point. 

T  9  lit  10  e 


fUh  R 


386  GLOSSOLOGY.  BOOK  III. 

1.  Awned  (aristaius) ;  abruptly  terminated  in  a  hard,  straight, 
subulate  point  of  various  lengths ;  as  the  palese  of  grasses. 
The  arista  is  always  a  continuation  of  the  costa,  and  some- 
times separates  from  the  lamina  below  the  apex. 

2.  Mucronate  (mucnmaius) ;  abruptly  terminated  by  a  hard,  short 
point ;  as  the  leaf  of  Statice  mucronata. 

3.  Cuspidate  (cuspidaius) ;  tapering  gradually  into  a  rigid  point* 
It  is  also  used  sometimes  to  express  abruptly  acuminate ;  as 
the  leaf  of  many  Rubi. 

4.  Cirrhous  (cirrhosus^  c^ce  circinatus) ;  terminated  by  a  spiral  or 
flexuose*  filiform  appendage ;  as  the  leaf  of  Gloriosa  superbs. 
This  is  due  to  an  elongation  of  a  costa. 

5.  Pungent  (pungens) ;  terminating  gradually  in  a  hard,  sharp, 
point ;  as  the  leaves  of  Ruscus  aculeatus. 

6.  Bristle-pointed  (seU>susy  f  setiger) ;  terminating  gradually  in  a 
very  fine,  sharp  point ;  as  the  leaves  of  many  mosses. 

7.  Hair-pointed  (piUferus) ;  terminating  in  a  very  fine,  weak 
point ;  as  the  leaves  of  many  mosses. 

8.  Pointletted  (apictdatus) ;  terminating  abruptly  in  a  little 
point;  differing  firom  mucronate  in  the  point  being  part  of 
the  limb,  and  not  arising  wholly  from  a  costa. 

9.  Hooked  (uncincUusy  f  uncahui) ;  curved  suddenly  back  at  the 
point ;  as  the  leaves  of  Mesembryanthemum  uncinatum. 

10.  Beaked  (rostratus^  rosteUatus) ;  terminating  gradually  in  a 
hard,  long,  straight  point;  as  the  pod  of  radish. 

11.  Acute,  or  sharp-pointed  (acuiua)^  terminating  at  once  in  a 
point,  not  abruptly,  but  without  tapering  in  any  degree ;  as 
any  lanceolate  leaf. 

12.  Taper-pointed  (acuminatus)  \  terminating  very  gradually  in  a 
point ;  as  the  leaf  of  Salix  alba. 

13.  t  Acuminose  (f  acuminoms) ;  terminating  gradually  in  a  flat, 
narrow  end. 

14<.  Tail- pointed  (caudatus)  ;  excessively  acuminated,  so  that  the 
point  is  long  and  weak,  like  the  tail  of  some  animal ;  as 
the  calyx  of  Aristolochia  trilobata,  the  petals  of  Brassia 
caudata. 

15.  Blunt  (pUu8U8)\  terminating  gradually  in  a  rounded  end ;  as 
the  leaf  of  Berberis  vulgaris. 

16.  Blunt  with  a  point  (obtusus  cum  acumine);  terminatmg  ab- 
ruptly in  a  round  end,  the  middle  of  which  is  suddenly  length- 
ened into  a  point ;  as  the  leaf  of  many  Rubi* 

1 7.  Retuse  (reiusus) ;  terminating  in  a  round  end,  the  centre  of 
which  is  depressed ;  as  the  leaf  of  Vaccinium  Vitis  Idaea. 


CLASS  I.  INDIVIDUAL    ABSOLUTE   TERMS.  387 

18.  Emarginate  (emarginahu) ;  having  a  notch  at  the  end,  as  if  a 
piece  had  been  taken  out ;  as  the  leaf  of  Buxus  sempervirens. 

19.  \AccituB;  when  the  end  has  an  acute  sinus  between  two 
rounded  angles.    Link, 

20.  Truncate  {truncatu8)\  terminating  very  abruptly,  as  if  apiece 
had  been  cut  off;  as  the  leaf  of  Liriodendron  tulipifenu 

21.  Bitten  (pramorsuSi  f  suecisui)  ;  the  same  as  truncate,  except 
that  the  termination  is  ragged  and  irregular,  as  if  bitten  off : 
the  term  is  generally  applied  to  roots ;  the  leaf  of  Caryota  urens 
is  another  instance. 

22.  fDedaleous  (f  dadakus) ;  when  the  point  has  a  large  circuit, 
but  is  truncated  and  rugged.     W. 

2S.  Trident-pointed  (tridenUUus) ;  when  the  point  is  truncated, 
and  has  three  indentations  (H^-);  as  Saxifraga  tridentata, 
Potentilla  tridentata. 

24.  Headed  (capUaius) ;  suddenly  much  thicker  at  the  point  than 
in  any  other  part :  a  term  confined  to  cylindrical  or  terete 
bodies ;  as  Mucor,  glandular  hairs,  &c. 

25.  Lamellar  (lamellatus,  lameUosus) ;  having  two  little  plates  at 
the  point,  as  the  style  of  many  plants. 

26.  t  Blunt  (f  kebetaiuSf  De  Cand.)  ;  having  a  soft,  obtuse  termin- 
ation. 

27.  Pointless  (muHcus),  This  term  is  employed  only  in  con- 
tradistinction to  some  other  that  indicates  being  pointed ; 
thus,  if,  in  contrasting  two  things,  one  was  said  to  be  mu- 
cronate,  the  other^  if  it  had  not  a  mucro,  would  be  called 
pointless ;  and  the  same  term  would  be  equally  employed  in 
contrast  with  cuspidate  or  aristate,  or  any  such.  It  is  also 
used  absolutely. 

2*.  Of  Division. 

A.   With  respect  to  the  margin. 

s  4  5        * 


3  4  5 

1.  Entire  {inUgeT)\  properly  speaking,  this  means  having  no 
kind  of  marginal  division  ;  but  sometimes  it  has  been  used  to 
indicate  not  pinnatifid,  and  also  nearly  destitute  of  marginal 
division. 

2.  Quite  entire  (^iniegerrimuti) ;  perfectly  free  from  division  of  the 
margin. 

cc  2 


itSi  QLOSSULOCY.  BOOK  111. 

3.  Creoated  (ermoAM) ;  having  convex  teetb.    Wben  theae  teeth 

are  tbemsdves  crenated,  we  tay  bieramte. 
i.  Sawed  (terrattu') ;  having  sharp,  straight-edged  teeth  pointing 

to  the  apex.     When  these  teeth  are  thenuelvea  >erTate>  we 

taj  buerraie,  or  dt^icato-terrate. 

5.  Toothed  {dentahu)  ;  having  sharp  teeth  with  concave  edges. 
When  these  teeth  are  themselves  toothed^  we  ta,y  dtgiBeato- 
deiume,  or  doubly  toothed,  but  not  buJeiUate,  which  means 
two-toothed. 

6.  Gnawed  (eroius) ;  having  the  mar^  irregularly  toothed,  aa 
if  bitten  by  some  animal. 

7.  Curled  (cri^nu) ;  having  the  margin  excessively  iiregularly 
divided  and  twisted ;  as  in  many  varieties  of  the  garden 
endive,  Mentha  crispa,  Ulmus  cucullata. 


8.  Repand  (rtptmdut,  f  Hnuolabu) ;  having  an  uneven,  slightly 
sinuous  margin  ;  as  the  leaf  of  Solanum  nigrum. 

9.  Angular  (an$>ulr)ftM,  af^u&MWf) ;  having  several  salient  angles 
on  the  margin  ;  as  the  leaf  of  Datura  Stramoniimi. 

10.  Sinuate  {tinuatus);    having  the  margin  uneveui  alternately 
with  deep  concavities  and  convexities ;  as  the  leaf  of  Quercus 
robur. 
B.    With  respect  to  incinon. 

13  3  4  i 
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1.  Torn  (^lacems);  irregularly  divided  by  deep  incisions. 

2.  Cut  (inemu)  ;  regularly  divided  by  deep  incisions. 

3.  Slashed  (^hcinuxius) ;  divided  by  deep,  taper-pointed,  cut 
incisions. 

4>.  Squarrose-slashed  {squarroso-ktciniatus) ;  slashed  with  minor 
divisions  at  right  angles  with  the  others. 

5.  Lobed  (Jobatu$) ;  partly  divided  into  a  determinate  number  of 
segments.  We  say  biMnu^  two-lobed,  as  in  the  leaf  of  Bau- 
hinia  porrecta ;  trUobus^  three-lobed,  as  in  the  leaf  of  Ane- 
mone hepatica ;  and  so  on. 

6.  Split  (^fissus) ;  divided  nearly  to  the  base  into  a  determinate 
nuitiber  of  segments.  We  say  In/idus,  split  in  two ;  tri/ldus, 
in  three ;  as  in  the  leaf  of  Teucrium  chamsepitys ;  and  so  on. 
When  the  segments  are  very  numerous,  muUifidu$  is  used. 

7.  Parted  (partiius) ;  divided  into  a  determinate  number  of 
segments,  which  extend  nearly  to  the  base  of  the  part  to 
which  they  belong.  We  say  hipartUuSf  parted  in  two ;  iri' 
partUuSi  in  three ;  and  so  on. 

6.  Palmate  {jpalmahul)  ;  having  five  lobes,  the  midribs  of  which 
meet  in  a  common  point,  so  that  the  whole  bears  some  re- 
semblance to  a  human  hand;  as  the  leaf  of  Passiflora 
cserulea. 

9.  Pedate  (jpedatus) ;  the  same  as  palmate,  except  that  the  two 
lateral  lobes  are  themselves  divided  into  smaller  segments, 
die  midribs  of  which  do  not  directly  run  into  the  same  point 
as  the  rest;  as  the  leaf  of  Arum  dracunculus,  Helleborus 
niger,  &c. 


10.  Fingered  (digiiahu);  the  same  as  palmate,  but  the  segments 
less  spreading,  and  narrower. 

11.  Pinnatifid  (pinmaiifidusy  penHoi^pcartUus,  jrinnaHeisus)  ;  di- 
vided almost  to  the  axis  into  lateral  segments,  something  in 
the  way  of  the  side  divisions  of  a  feather:  as  Polypodium 
vulgare.  M.  De  Candolle  distinguishes  several  modifications 
of  pinnatifidus :  —  1.  PifmaHfidtu^  when  the  lobes  are  divided 
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down  to  bs]f  the  breadth  of  the  leaf; 
when  the  lobes  pau  beycmd  the  middle)  and  the  pareDchjma 
is  not  interrupted ;  S.  pinnatueetttt,  when  the  lobes  are  di- 
vided down  to  the  midrib,  and  the  parencbjrma  ii  interrupted  ( 
4r.  piMtatilabatiu,  when  the  lobe*  are  divided  to  an  uncertain 
depth :  IgnOe  and  the  like  belong  to  this  modification.  He 
has  similar  variations  of  palmatus  and  pedatua  ;  vJa-yahwh' 
Jidut, palmat^tartiau, pahmatimettu, palmatitcbiam* i  aaAptda- 
ti/ldiu,  pedat^tarHliu,  pedatuedtu,  and  jtedaHlobahu. 
13.  Comb-shaped  (^peetinattu) ;  the  same  as  pinnatifid :  but  the 
segments  very  numeroui,  close,  and  narrow,  like  the  teeth 
of  a    comb ;    as    the  leaf  of  Lavandula    dentata,   all    Mer- 

C.   With  retped  to  eompotititm  or  ramification, 

1.  Simple  (nmplex)  ;  icarcelj  divided  or  branched  at  all. 

2.  Quite  simple  (nflip/inMiMw«) ;  not  divided  or  branched 
at  all. 

3.  Compound  (eompotUut) ;  having  various  divisions  or  ramifi- 
cations. As  compared  with  the  two  following,  it  applies  to 
cases  of  leaves  in  which  the  petiole  is  not  divided  ;  as  in  the 
orange. 

4.  Decompound  (dteompontiu')  ;  having  varioua  compound  divi- 
sions or  ramifications.  In  leaves  it  is  applied  to  those  the 
petiole  of  which  bears  secondary  petioles ;  as  in  the  leaf  of 
Min 
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5.  Supradecompound  {supradecompontus) ;  having  various  de- 
compound divisions  or  ramifications.  In  leaves  it  is  applied 
to  sucli  as  have  the  primary  petiole  divided  into  secondar}' 
ones>  and  the  secondary  into  a  third  set ;  as  in  the  leaf  of 
Daucus  Carota. 

6.  f  Blfoliolate  (^\bifoiiolahUilnnatuM)\  when  in  leaves  the  com. 
mon  petiole  is  terminated  by  two  leaflets  growing  from  the 
same  point ;  as  in  Zygophyllum  Fabago.  This  term  has  the 
same  application  as  unijugus  and  cof^ugatus.  We  say  trifo' 
liokUe,  or  temaiey  when  the  petiole  bears  three  leaflets  from 
the  same  point ;  as  in  Menyanthes  trifoliata ;  f  quadrifbliolatet 
if  there  are  four  from  the  same  point,  as  in  Marsilea  quadri- 
folia ;  and  quinquefoliolaie  or  qtunatey  if  there  are  five  from 
the  same  point,  as  in  Potentilla  reptans  ;  and  so  on. 

7.  f  Vertebrate  (f  veridnrcUus)  ;  when  the  leaf  is  contracted  at 
intervals,  there  being  an  articulation  at  each  contraction ;  as 
in  Cussonia  spicata.    Mirb. 

8.  Pinnate  (pinnaiui) ;  when  simple  leaflets  are  arranged  on 
each  side  a  common  petiole ;  as  in  Polypodium  vulgare. 

9.  Pinnate  with  an  odd  one  (impari'pinfuiius) ;  when  the  petiole 
is  terminated  by  a  single  leaflet  or  tendril ;  as  in  Pyrus  aucu^ 
paria.  If  there  is  a  tendril,  as  in  the  pea,  it  is  called 
cirrhose* 

10.  Equally  pinnate  (pari-pinnatusy  abrupte  pinnaius) ;  when  the 
petiole  is  terminated  by  neither  leaflet  nor  tendril,  as  Orobus 
tuberosus. 

11.  t  Alternately  pinnate  (f  cUtenuUim  pinnaius) ;  when  the  leaf- 
lets are  alternate  upon  a  common  petiole;  as  in  Potentilla 
rupestris.     Mirb, 

1 2.  Interruptedly  pinnate  (iniem^}ti  pinnatus)  ;  when  the  leaflets 
are  alternately  small  and  large,  as  in  the  potato. 

13.  f  Decreasingly  pinnate  {\  decrescent  pinnatus)  \  when  the 
leaflets  diminish  insensibly  in  size  from  the  base  of  the  leaf 
to  its  apex ;  as  in  Vicia  Sepium.     Mirb. 

14.  fDecursively  pinnate  (f  decursivi  pinnatus) ;  when  the  petiole 
is  winged  by  the  elongation  of  the  base  of  the  leaflets ;  as  in 
Melianthus.   Mirh,    This  is  hardly  different  from  pinnatifid. 

15.  Digitato-pinnate  (digitaia'pinnaius) ;  when  the  secondary 
petioles,  on  the  sides  of  which  the  leaflets  are  attached,  part 
from  the  summit  of  a  common  petiole.    Mirb, 

16.  Twin  digitato-pinnate  (bidigiiato^pinnaiust  bicor^ugaio-'pin' 
natus);   the  secondary  petioles,  on  the  sides  of  which  the 
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leaflets  are  arranged,  proceed  in  twos  from  the  summit  of  a 
common  petiole ;  as  in  Mimosa  purpurea.    Mirb. 

17.  Bigeminate  (bi^^eminaiuSf  bktn^ugaius) ;  when  each  of  two 
two  secondary  petioles  bears  a  pair  of  leaflets;  as  in  Mimosa 
unguis  CatL    Mirb, 

18.  Tergeminate  (tayemmuSf  f  ierffemimtius);  when  eadi  of  two 
secondary  petioles  bears  towards  its  summit  one  pair  of 
leaflets,  and  the  common  petiole  bears  a  third  pair  at  the 
origin  of  the  two  secondary  petioles;  as  in  Mimosa  tergemina. 
JUirb. 

19.  Thrice  digitato-pinnate  (f  trieH^iiaio-pmnaiuSf  tematO'pm-' 
naius) ;  when  the  secondary  petioles,  on  the  sides  of  which 
the  leaflets  are  attached,  proceed  in  threes  from  the  smnmit 
of  a  common  petiole ;  as  in  Hoffimannseggia.    Mirb, 

20.  t  Quadridigitato-pmnahUf  as  in  Mimosa  pudica,  and  f  Mtd^ 
iidigHatthpinfuiiusj  are  rarely  used,  but  are  obvious  modi- 
flcations  of  the  last. 

21 .  Bipinnate  (bipinnatus^  f  duplicato-pinncOus) ;  when  the  leaflets 
of  a  pinnate  leaf  become  themselves  pinnate;  as  in  Mimosa 
Julibrissin,  Fumaria  officinalis,  &c 

22.  Bitemate  (bitemaiuSf  f  dupUcatO'tematus) ;  when  three 
secondary  petioles  proceed  from  the  common  petiole,  and 
each  bears  three  leaflets ;  as  in  Fumaria  bulbosa,  Imperatoria 
Ostnithium,  &c.    Mirb, 

23.  Tritemate  (tritematus) ;  when  the  common  petiole  divides 
into  three  secondary  petioles,  which  are  each  subdivided  into 
three  tertiary  petioles,  each  of  which  bears  three  leaflets ;  as 
the  leaf  of  Epimedium  alpinum. 

24.  Tripinnate  (tripinnatus) ;  when  the  leaflets  of  a  bipinnate 
leaf  become  themselves  pinnate ;  as  in  Thalictrum  minus,  or 
GBnanthe  Pheilandrium. 

25.  Paired  (cof^ugaius,  unifugus,  f  unijugaius) ;  when  the  petiole 
of  a  pinnated  leaf  bears  one  pair  of  leaflets;  as  Zygophyllum 
Fabago.  JBifugtu  is  when  it  bears  two  pairs ;  as  in  Mimosa 
fagifolia:  trijugus^  quadrijugusy  guinquefuguSf  &c.  are  also 
employed  when  required.  MuUifugus  is  used  when  the  num- 
ber of  pairs  becomes  very  considerable ;  as  in  Orobus  sylva* 
ticus,  Astragalus  glycyphyllus. 

26.  Branched  (ramasus);  divided  into  many  branches:  if  the 
divisions  are  small,  we  say  ramulosus. 

27*  Somewhat  branched  (subratnosus) ;  having  a  slight  tendency 
to  branch. 
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).  Encurretit  (exairretu) ;  in  which  the  axU  remaim  always  in 

the  centre,  all  tbe  other  parU  being  regularly  disposed  round 

it ;  as  the  stem  of  I^nus  Abies. 
).  Much-tH^mched  (ramotittimut) ;  branched   in  a  great   de- 
gree. 
X  f  Disappearing  (fdtliqueteeiU);  branched,  but  so  divided 

that  the  principal  axis  is  lost  trace  of  in  the  ramifications;  as 

the  head  of  an  oak  tree. 
I.  Dichutomous  (rficAdAmiw) ;  having  the   divisions  always  in 

pairs ;  as  the  branches  and  inflorescence  of  Stellaria  holostea : 

if  they   are   in  threes,  we  say  frtcAofomtu;  as   the  stem  of 

Mirabilis  Jalapa. 
t.  Twin  (ditfymtu) ;  growing  in  pairs,  or  divided  into  two  equal 

parts;  as  the  fruit  of  Galium. 
).  Forked  (Jurcatut);  having   long    terminal   lobes,  like   the 

prongs  of  a  fbrk ;  as  Ophioglossum  pendulum. 
k  Stellate  (sfeUotes) ;  divided  into  segments,  radiating  from  a 

common  centre  ;  as  the  hairs  of  most  matvaceous  plants. 
>.  Jointed  (arttev&tftM) ;    falling    in   pieces   at  the  joints,   or 

separating  readily  at  tbe  joints .  as  the  pods  of  Omithopus,  the 

leaflets  of  GuilandinaBonduc :  it  is  also  applied  to  bodies  having 

the  appearance  of  being  jointed ;  as  the  stem  and  leaves  of 

Juncus  articulatuB. 
J.  Granular  (^granulatva)  ;  divided  into  little  knobs  or  knots;  as 

the  roots  of  Saxifraga  granulata. 
^  f  Byssaceous  (f  byuaeau) ;  divided  into  very  fine  pieces,  like 

wool ;  as  the  roots  of  some  Agarics. 
).  t  Tree-like  {\dendTmda)  ;  divided  at  the  top  into  a  number 

of  fine  ramifications,  so  as  to  resemble  the  head  of  a  tree ;  as 

Lycopodium  dendroideum. 
).  Bru^-shaped    (^atpergUUformi*);   divided  into  several  fine 

ramifications,  so  as  to  resemble  the  brush  (atpergilitu)  used 

for  sprinkling  holy  water  in  the  ceremonies  of  the  Catholic 

Church;  as  the  stigmas  of  grasses. 
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40.  Partitioned  (loeulasus,  f  sepitUuf,  f  pkragmiffer) ;  divided  by 
interaal  partitions  into  cells ;  as  the  pith  of  the  plant  that 
produces  the  Chinese  rice-paper.  This  is  never  applied  to 
fruits. 

41.  Anastomosing  (atuutomozans) ;  the  ramifications  of  any  thing 
which  are  united  at  the  points  where  they  come  in  contact  are 
said  to  anastomose.    The  term  is  confined  to  veins. 

42.  Ruminate  (ruminatus) ;  when  a  hard  body  is  pierced  in 
various  directions  by  narrow  cavities  filled  with  dry  cellular 
matter ;  as  the  albumen  of  the  nutmeg,  and  the  Anona. 

43.  t  Cancellate  (f  canceUatus) ;  when  the  parenchyma  is  wholly 
absent,  and  the  veins  alone  remain,  anastomosing  and  form- 
ing a  kind  of  network ;  as  the  leaves  of  Hydrogeton  fenes- 
tralis. 

44.  Perforated  (pertusus) ;  when  irregular  spaces  are  left  open  in 
the  sur&ce  of  any  thing,  so  that  it  is  pierced  with  holes ;  as 
the  leaves  of  Dracontium  pertusum. 


3*.  Of  Surface. 
A.   With  respect  to  marking,  or  evenness* 
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1.  Rugose  (rugosus) ;  covered  with  reticulated  lines,  the  spaces 
between  which  are  convex ;  as  the  leaves  of  sage. 

2.  Netted  (reticukUus) ;  covered  with  reticulated  lines  which 
project  a  little ;  as  the  under  surface  of  the  leaves  of  most 
Melastomas,  the  seeds  of  Geranium  rotundifolium. 

S.  t  Half-netted  (f  semireHadaius);  when,  of  several  layers  of 
any  thing,  the  outer  one  only  is  reticulated ;  as  in  the  roots 
of  Gladiolus  communis. 

4.  lotted  (tcrobiculaius) ;  having  numerous  small  shallow  de- 
pressions or  excavations ;  as  the  seed  of  Datisca  capnabina, 
Passiflora,  &c, 

5.  Lacunose  (heunasus) ;  having  numerous  large^  deep  depres- 
sions or  excavations. 

6.  Honeycombed  (fcaxmUf  alveolaius) ;  excavated  in  the  man- 
ner of  a  section  of  honeycomb ;  as  the  receptacle  of  many 
Compositae,  the  seeds  of  Papaver. 
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7.  t  Areolate  (f  areoitUus)  ;  divided  into  a  number  of  irregular 
squares  or  angular  spaces. 

8.  Scarred  (cicairisatus) ;  marked  by  the  scars  left  by  bodies  that 
have  fallen  off:  the  stem,  for  instance»is  scarred  by  the  leaves 
that  have  fallen. 

9.  Ringed  (annulaius);  surrounded  by  elevated  or  depressed 
bands ;  as  the  roots  of  some  plants,  the  cupulte  of  several 
oaks,  &c, 

10.  Striated  (siriaius);  marked  by  longitudinal  lines;  as   the 
petals  of  Geranium  striatum. 

1 1.  Lined  (Uneaius)  ;  the  same  as  striatus. 

12.  Furrowed  (tulcaius);  marked  by  longitudinal  channels;  as 
the  stem  of  Conium,  of  the  parsnep,  of  Spiraea  Ulmaria,  &c. 

13.  t  Aciculated  (aeieulaius);  marked  with  very  fine  irregular 
streaks,  as  if  produced  by  the  point  of  a  needle. 

14.  Dotted  (punctaius) ;  covered  by  minute  impressions,  as  if 
made  by  the  point  of  a  pin ;  as  the  seed  of  Anagallis  arvensis, 
Geranium  pratense. 

15.  Even  (isquaitii);  the  reverse  of  any  thing  expressive  of 
inequality  of  surface. 

B.   With  respect  to  appendages  or  superficial  processes. 
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1.  Unarmed  (inemUs);    destitute  of  any  kind    of  spines  or 
prickles. 

2.  Spiny  (spinosus) ;  furnished  with  spines,  as  the  brandies  of 
Cratsgus  Oxyacantha. 

S.  Prickly  (aeuleatus) ;  furnished  with  prickles,  as  the  stem  of  a 

rose. 
4*.  Bristly  (echifuiius) ;  furnished  with  numerous  rigid  hairs,  or 

straight  prickles ;  as  the  fruit  of  Castanea  vesca. 
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5.  Muricated  (muricahu) ;  furnished  with  numerous  short,  hard 
excrescences ;  as  the  fruit  of  the  Arbutus  Unedo. 

6.  Spiculate  (f  ipiculahui)  ;    covered    with  fine  fleshy,   erect 
points. 

7.  Rough  (scabeTf  asper^  exasperaius) ;  covered  with  hard,  short, 
rigid  points ;  ds  the  leaves  of  Borago  officinalis. 

•    8.  Roughish  (scaMdus);  slightly  covered  with  short,  hardish 
points ;  as  the  leaf  of  Th3rmus  Acinos. 
9.  Tubercled  (tuberculatusj  verrucosus) ;  covered  with  little  ex- 
crescences or  warts ;  as  the  stem  of  Cotyledon  tuberculata, 
the  leaf  of  Aloe  margaritifera. 

10.  Pimpled  (peqnllosus,  f  papulosus) ;  covered  with  minute  tu- 
bercles or  excrescences,  of  uneven  size,  and  rather  soft ;  as  the 
leaves  of  Mesembryanthemum  crystallinum. 

11.  Hairy  (pilosus)  ;  covered  with  short,  weak,  thin  hairs;  as  the 
leaf  of  Prunella  vulgaris,  Daucus  Carota. 

12.  Downy  (jntbens,  pubescens) ;  covered  with  very  short,  weak, 
dense  hairs.  Pubescens  is  most  commonly  employed  in  Latin, 
but  pubens  is  more  classical ;  as  the  leaves  of  Cynoglossum 
officinale,  Lonicera  Xylosteum,  &c. 

13.  Hoary  (incanus) ;  covered  with  very  short,  dense  hairs,  placed 
so  closely  as  to  give  an  appearance  of  whiteness  to  the  surfieu^e 
from  which  they  grow;  as  the  leafof  Mathiola  incana. 

14.  Shaggy  (hirius,  viUosus) ;  covered  with  long,  weak  hairs ;  as 
Epilobium  hirsutum. 

1 5.  Tomentose  (tomentosus) ;  covered  with  dense,  rather  rigid, 
short  hairs,  so  as  to  be  sensibly  perceptible  to  the  touch  ;  as 
Onopordum  Acanthium,  Lavatera  arborea,  &c. 

16.  Velvety  (ydutinus) ;  the  same  as  the  last,  but  more  dense, 
so  that  the  surface  resembles  that  of  velvet ;  as  Cotyledon 
coccineus. 

17.  Woolly  (lamUus);  covered  with  long,  dense,  curled,  and 
matted  hairs,  resembling  wool;  as  Verbascum  Thi^us, 
Stachys  germanica. 

18.  Hispid  (hispidus);  covered  with  long,  rigid  hairs;  as  the 
stem  of  Echium  vulgare. 

19.  Floccose  (/hccosus);  covered  with  dense  hairs,  which  fall 
away  in  little  tufts;  as  Verbascum  floccosum,  and  pulveru- 
lentum. 

20.  Glandular  (gkmduloius) ;  covered  with  hairs  bearing  glands 
upon  their  tips ;  as  the  fruit  of  roses,  the  pods  of  Adeuo- 
carpus. 
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21.  Bearded  (barbatus,  crinUus)  ;  having  tufis  of  long,  weak  hairs 
Rowing  from  different  parts  of  the  surface ;  as  the  leaves  of 
Mesembryanthemum  barbatum.  It  is  also  applied  to  bodies 
bearing  very  long,  weak  hairs  in  solitary  tufts,  or  parcels ;  as 
the  filaments  of  Anthericum,  the  pods  of  Adesmia. 

22.  Strigose  (striffosus);  covered  with  sharp,  appressed,  rigid 
hairs.  W.  Linnseus  considers  this  word  synonymous  with 
hispid. 

23.  Silky  (sericeus) ;  covered  with  very  fine,  close-pressed  hairs, 
silky  to  the  touch ;  as  the  leaves  of  Protea  argentea,  Alche- 
milla  alpina,  &c. 

24.  f  Peronate  (peronoHis);  laid  thickly  over  with  a  woolly  sub- 
stance, ending  in  a  sort  of  meal.  W,  This  term  is  only  applied 
to  the  stipes  of  Fungi. 

25.  Cobwebbed  (araehnoides) ;  covered  with  loose,  white,  en- 
tangled, thin  hairs,  resembling  the  web  of  a  spider ;  as  Cal- 
ceolaria arachnoidea. 

26.  Ciliated  (ciUaitis) ;  having  fine  hairs,  resembling  the  eye- 
lash, at  the  margin  ;  as  the  leaves  of  Luzula  pilosa.  Erica 
tetralix,  &c. 

27«  Fringed  (Jimbriatus) ;  having  the  margin  bordered  by  long 
filiform  processes  thicker  than  hairs ;  as  the  petals  of  Cucuba- 
lus  fimbriatus. 

28.  Feathery  {plumosu8)\  consisting  of  long  hairs,  which  are 
themselves  hairy ;  as  the  pappus  of  Leontodon  Taraxacum^  the 
beard  of  Stipa  pinnata. 

29.  Stinging  {uren8)\  covered  with  rigid,  sharp-pomted,  bristly 
hairs,  which  emit  an  irritating  fluid  when  touched;  as  the 
leaves  of  the  Urtica  urens. 

30.  Mealy  (farinosus);  covered  with  a  sort  of  white  scurfy 
substance ;  as  the  leaves  of  Primula  farinosa,  and  of  some 
poplars. 

31.  Leprous  (lepidotus^  kprasus);  covered  with  minute  peltate 
scales  ;  as  the  foliage  of  Elseagnus. 

32.  Ramentaceous  (rameniaceus) ;  covered  with  weak,  shri- 
velled, brown,  scale-like  processes ;  as  the  stems  of  many 
ferns. 

33.  Scaly  {squamosus) ;  covered  with  minute  scales,  fixed  by  one 
end ;  as  the  young  shoots  of  the  pine  tribe. 

34.  Chafiy  (paleaceus) ;  covered  with  small,  weak,  erect,  mem- 
branous scales,  resembling  the  palese  of  grasses ;  as  the 
receptacle  of  many  compound  plants. 
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C.   fVUh  respect  to  polish  or  texture. 

1.  Shining  (nitidus);  having  a  smooth,  even,  polished  sur&ce; 
as  many  leaves. 

2.  Smooth  (glaber,  or  kevis);  being  free  from  asperities  or  hairs, 
or  any  sort  of  unevenness. 

3.  Polished  (kevigatus^  \poUius)\  having  the  appearance  of  a 
polished  substance ;  as  the  testa  of  Abrus  precatorius,  and 
many  seeds. 

4.  f  Glittering  (f  splendens) ;  the  same  as  polished,  but  when  the 
lustre  is  a  little  broken,  from  slight  irr^ularity  of  surface. 

5.  Naked  (nudus,  denudatus) ;  the  reverse  of  hairy,  downy,  or 
any  similar  term  :  it  is  not  materially  different  from  glaber. 

6.  Opaque  (opacus) ;  the  reverse  of  shining,  dull. 

7.  Viscid  (viscidusy  glutinosus);  covered  with  a  glutinous  ex- 
udation* 

8.  Mucous,  or  slimy  (mucosus) ;  covered  with  a  slimy  secretion ; 
or  with  a  coat  that  is  readily  soluble  in  water,  and  becomes 
slimy  ;  as  the  fruit  of  Salvia  Verbenaca. 

9.  t  Greasy  (f  unctuosus);  liaving  a  surface  which,  though  not 
actually  greasy,  feels  so. 

10.  Dewy  (roridtts) ;  covered  with  little  transparent  elevations  of 
the  parench3rma,  which  have  the  appearance  of  fine  drops 
of  dew. 

11.  f  Dusty  (f  lentiginosus) ;  covered  with  minute  dots,  as  if 
dusted ;  the  calyx  and  corolla  of  Ardisia  lentiginosa. 

12.  Frosted  (^pruinosus)  ;  nearly  the  same  as  roridus,  but  applied 
to  sur&ces  in  which  the  dewy  appearance  is  more  opaque,  as 
if  the  drops  were  congealed ;  as  the  surface  of  the  leaves  of 
Rosa  pruinosa  and  glutinosa. 

IS.  Powdery  (pulverulentus);  covered  with  a  fine  bloom  or 
powdery  matter ;  as  the  leaves  of  Primula  farinosa. 

14.  Glaucous  (glaucus);  covered  with  a  fine  bloom  of  the  colour 
of  a  cabbage  leaf. 

15.  Cssious  (assius) ;  like  glaucous,  but  greener. 

16.  Whitened  (decdbatus);  covered  with  a  very  opaque  white 
powder ;  as  the  leaves  of  many  Cotyledons. 

4.  Of  Texture,  or  Substance. 

1.  Membranaceous  (membranaceus^ ;  thin  and  semitransparent, 
like  a  fine  membrane ;  as  the  leaves  of  mosses. 

2.  P^ipery  (^pagnfraceusy  chartaceus) ;  having  the  consistence  of 
writing  paper,  and  quite  opaque  ;  as  most  leaves. 
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3.  Leathery  (cariaeeuSf  f  alutaoetu) ;  having  the  consistence  of 
leather ;  as  the  leaves  of  Pothos  acaulis,  Prunus  Lauro-cerasus, 
and  others. 

4'.  Crustaceous  (crustaceus)  ;  hard,  thin,  and  brittle ;  as  the  testa 
of  asparagus,  or  of  PassLflora. 

5.  Cartilaginous  (cartilaginetu) ;  hard  and  tough ;  as  the  testa  of 
an  apple-seed. 

6.  Loose  (Jaxus) ;  of  a  soft  cellular  texture,  as  the  'pith  of  most 
plants.  The  name  is  derived  from  the  parts  of  the  substance 
appearing  as  if  not  in  a  state  of  cohesion. 

7.  Scarious  (scariosus) ;  having  a  tliin,  dry,  shrivelled  appear- 
ance ;  as  the  involucral  leaves  of  many  species  of  Centaurea. 

8.  Corky  (suberasui)  ;  having  the  texture  of  the  substance  called 
cork ;  as  the  bark  of  Ulmus  suberosa. 

9.  Coated  (corticcOtu) ;  harder  externally  than  internally. 

10.  Spongy  (spongiosus)\  having  the  texture  of  a  sponge;  that 
is  to  say,  very  cellular,  with  the  cellules  filled  with  air ;  as  the 
coats  of  many  seeds. 

11.  Homy  (comeu8)'y  hard,  and  very  close  in  texture,  but  ca- 
pable of  being  cut  without  di£Bculty,  the  parts  cut  off  not 
being  brittle ;  as  the  albumen  of  many  plants. 

12.  Oleaginous  (oleagino^us) ;  fleshy  in  substance,  but  filled 
with  oil. 

13.  Bony  (ossetis) ;  hard,  and  very  close  in  texture,  not  cut  with- 
out difficulty,  the  parts  cut  off  being  brittle ;  as  the  stone  of 
a  peach. 

H.  Fleshy  (camosus)  ;  firm,  juicy,  easily  cut. 

15.  Waxy  (ceraceuSf  cereus) ;  having  the  texture  and  colour  of 
new  wax;  as  the  pollen  masses  of  particular  kinds  of 
Orchis. 

16.  Woody  (UgnosuSf  ligneus)  ;  having  the  texture  of  wood. 

17.  Thick  (crassus) ;  something  more  thick  than  usual.  Leaves, 
for  instance,  are  generally  papery  in  texture ;  the  leaves  of 
cotyledons,  which  are  much  more  fleshy,  are  called  thick* 

18.  Succulent  (succiUentus) ;  very  cellular  and  juicy;  as  the 
stems  of  Stapelias. 

19.  Gelatmous  (ffelatinosus)  ;  having  the  texture  and  appearance 
of  jelly ;  as  Ulvas,  and  similar  things. 

20.  Fibrous  {fbrosus) ;  containing  a  great  proportion  of  loose 
woody  fibre ;  as  the  rind  of  a  cocoa-nut. 

21.  f  Medullary  or  pitliy  {;\  meduUonu)  \  filled  with  spongy 
pith. 
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22.  Mealy  (farinaceus);  having  the  texture  of  flour  in  a  maaa; 
as  the  albumen  of  wheat. 

23.  Tartareous  (tartaretu) ;  having  a  rough,  crumbling  surface ; 
^  like  the  thallus  of  some  Lichens. 

24.  Berried  (baccaius) ;  having  a  juicy,  succulent  texture ;  as 
the  calyx  of  Blitum. 

25.  Herbaceous  (herbaceus);  thin,  green,  and  cellular;  as  the 
tissue  of  membranous  leaves. 

5.  Of  Size. 

Most  of  the  terms  which  relate  to  this  quality  are  the  same 
as  those  in  common  use ;  and  being  employed  in  precisely  the 
same  sense,  do  not  need  explanation.  But  there  are  a  few 
which  have  a  particular  meaning  attached  to  them,  and  are 
not  much  known  in  conmion  language.     These  are,  — 

1.  Dwarf  (nanus,  pumilus,  pygnuBus)\  small,  short,  dense,  as 
compared  with  other  species  of  the  same  genus,  or  family. 
Thus,  Myosotis  nana  is  not  more  than  half  an  inch  high ; 
while  the  other  species  are  much  taller. 

2.  Very  small  (jpusiUus,  perpusiUus);  the  same  as  the  last, 
except  that  a  general  reduction  of  size  is  understood,  as  well 
as  dwarfishness. 

3.  Low  (JiumUis) ;  when  the  stature  of  a  plant  is  not  particularly 
small,  but  much  smaller  than  of  other  kindred  species.  Tlius, 
a  tree  twenty  feet  high  may  be  low,  if  the  oUier  species  oi 
its  genus  are  forty  or  fifly  feet  high. 

4.  Depressed  (dq»ressus)\  broad  and  dwarf,  as  if,  instead  of 
growing  perpendicularly,  the  growth  had  taken  place  hori- 
zontally ;  as  some  species  of  Cochlearia,  Coronopus  Ruellii, 
and  many  others. 

5.  Little  (exiguus);  this  is  generally  used  in  opposition  to 
large,  and  means  small  in  all  parts,  but  well  proportioned. 

6.  Tall  (elaiuSf  procerus);  this  is  said  of  plants  which  are 
taller  than  their  parts  would  have  led  one  to  expect. 

7.  Lofty  (exaUaius) ;  the  same  as  the  last,  but  in  a  greater 
degree. 

8.  Gigantic  (jsfiganieus) ;  tall,  but  stout  and  well  proportioned. 

To  this  class  must  also  be  referred  words  or  syllables 
expressing  the  proportion  which  one  part  bears  to  another. 

1.  Isosy  or  equal,  placed  before  the  name  of  an  organ,  indicates 
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that  it  is  equal  in  number  to  that  of  some  other  understood : 
thus,  isostemonous  is  said  of  plants  the  stamens  of  which  are 
equal  in  number  to  the  petals.    De  Cand, 

2.  AnisoSf  or  unequal,  is  the  reverse  of  the  latter :  thus^  anisot- 
temonous  would  be  said  of  a  plant  the  stamens  of  which  are 
not  equal  in  number  to  the  petals. 

3.  f  Meiosy  or  less,  prefixed  to  the  name  of  an  organ,  indicates 
that  it  is  something  less  than  some  other  organ  understood : 
thus,  f  meiostemonous  would  be  said  of  a  plant  the  stamens  of 
which  are  fewer  in  number  than  the  petals. 

4.  Duplo^  triploy  &c.  or  double,  triple,  &c.  signify  that  the 
organs  to  the  name  of  which  they  are  prefixed  are  twice  or 
thrice  as  numerous  or  large  as  those  of  some  other. 

The  terms   which  express  measures  of  length  are  the 
following :  — 

1.  A  hair*s  breadth  (capiUus^  its  adjective  capt/i!tim) ;  the  twelfth 
part  of  a  line. 

2.  A  line  {linea^  adj.  linealis) ;  the  twelfth  part  of  an  inch. 

3.  A  nail  (unguis)  ;  half  an  inch,  or  the  length  of  the  nail  of  the 
little  finger. 

4.  An  inch  (poUex^  uncia  ;  ^dypoUicariSy  unciaUs) ;  the  length  of 
the  first  joint  of  the  thumb. 

5.  A  small  span  {spithamoy  adj.  spUhanuBus) ;  seven  inches,  or 
the  space  between  the  thumb  and  the  fore-finger  separated 
as  widely  as  possible. 

6.  A  palm  (palmus,  adj.  palmaris) ;  three  inches,  or  the  breadth 
of  the  four  fingers  of  the  hand. 

7.  A  span  (dodrctnsy  adj.  dodranUdis) ;  nine  inches,  or  the  space 
between  the  thumb  and  the  little  finger  separated  as  widely 
as  possible. 

8.  A  foot  {pesy  adj.  pedalis) ;  twelve  inches,  or  the  length  of  a 
tall  man's  foot. 

9.  A  cubit  (cubitusy  adj.  cubitaUs) ;  seventeen  inches,  or  the  dis- 
tance between  the  elbow  and  the  tip  of  the  fingers. 

10.  An  ell  (tdruiy  hrachium  ;  adj.  ulnarisy  brachialis) ;  twenty-four 
inches,  or  the  length  of  the  arm. 

11.  A  toise  (orgyoy  adj.  orgyalis);  six  feet,  or  the  ordinary 
height  of  man. 

12.  Sesgui.  This  term,  prefixed  to  the  Latin  name  of  a  mea- 
sure, shows  that  such  measure  exceeds  its  due  length  by  one 
half:  thus,  sesquipedalis  means  a  foot  and  a  half* 
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IS.  f  A  mWmetr^^^\^)^  niti  fine. 

14.  f  A  ceBtiiiietre=4  lines  and  j^Vii' 

15.  t  A  deciinetre=:5  inches,  e^t  lines, -^fjfjj- 

16.  t  A  metre— 3  ieet,  11  lines,  -^|. 

O&f.  The  four  last  terms  are  French  measoresy  which  are 
rarely  used,  and  for  which  no  equivalent  Latin  terms  are 
employed* 

6.  Of  Duration. 

The  terms  in  ordinary  use  to  express  the  absolute  period 
of  duration  of  a  plant  are  sufficiently  precise  for  common 
purposes,  but  are  too  inaccurate  to  be  longer  admitted  within 
the  pale  of  science.  I  have,  therefore,  adopted  the  phrase- 
ology of  De  Candolle,  as  *fai  as  relates  to  words  expressive 
of  the  actual  term  of  vegetable  existence. 

1.  Monocarpous;  bearing  fruit  but  once,  and  dying  after 
fructification ;  as  wheat.  Some  live  but  one  year,  and  are 
called  annuals :  the  term  of  the  existence  of  others  is  pro- 
longed to  two  years ;  these  are  biennials:  others  live  for  many 
years  before  they  flower,  but  die  immediately  afterwards; 
as  the  Agave  americana.  The  latter  have  no  English  name. 
Annuals  are  indicated  by  the  signs  O  or  ® ;  biennials  by  S 
or  ® ;  and  the  others  by  @. 

2.  Pofyearpous  (better  sychnccofpous) ;  having  the  power  of 
bearing  fruit  many  times  without  perishing.  Of  diis  there 
are  two  forms :  — 

A.  CaulocarpouSf  or  those  whose  stem  endures  many  years, 
constantly  bearing  flowers  and  fruits ;  as  trees  and  shrubs. 
The  sign  of  these  is  ^. 

B.  Ehizocarpousy  or  those  whose  root  endures  many  years, 
but  whose  stems  perish  annually;  as  herbaceous  plants. 
The  sign  of  these  is  %. 

S.  HyiieraniAout t  when  leaves  appear  after  flowers;  as  the 
Almond,  Tussilago  fragrans,  Ac 

4.  f  Synanthoui  /  when  flowers  and  leaves  appear  at  the  same 
time. 

5.  f  Proieranihout  g  when  the  leaves  appear  before  the  flowers. 

6.  DovbU-bearing  {fnjenu) ;  when  any  thing  is  produced  twice 
in  one  season. 

Often'hearing  (f  muU^mu) ;  when  any  thing  is  produced 
several  times  in  one  season. 
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Besides  the  foregoing,   those  that  follow  require  expla- 
nation:— 

1.  Of  an  hour  (hararius);  which  endures  for  an  hour  or  two 
only ;  as  the  flowers  of  Talinum,  Cistus,  &c. 

2.  Of  a  day  (tphemenUf  f  diumus) ;  which  endures  but  a  day,  as 
the  flower  of  Tigridia.  Biduus  is  said  of  things  that  endure 
two  dAys ;  and  triduus,  three  days. 

3.  Of  a  night  (nodumus);  which  appears  during  the  night,  and 
perishes  before  morning ;  as  the  flowers  of  the  night-bloom- 
ing  Cereus. 

4.  Of  a  month  (metuirualis,  f  mensiruut) ;  which  last  for  a 
month.  BifM^ris  is  said  of  things  that  exist  for  two  months; 
irimesins,  for  three  months. 

5.  Yearly  (annoHnus) ;  that  which  has  the  growth  of  a  year. 
Thus  rami  annoiini  are  branches  a  year  old. 

6.  Of  the  same  year  (homus) ;  is  said  of  any  thing  the  produce 
of  the  year.  Thus  rami  homi  would  be  branches  not  a  year 
old. 

7.  Deciduous  (deciduus) ;  finally  falling  off,  as  the  calyx  and 
corolla  of  Cruciferse. 

8.  Caducous  (caducus) ;  falling  off  very  early,  as  the  calyx  of 
the  poppy. 

9.  Persistent  (persistens^  f  restansy  Linn.) ;  not  falling  off,  but 
remaining  green  until  the  part  which  bears  it  is  wholly  ma- 
tured ;  as  the  leaves  of  evergreen  plants,  the  calyx  of  Labiats 
and  others. 

10.  Withering,  or  fading  (nutrcetcens) ;  not  falling  off  until  the 
part  which  bears  it  is  perfected,  but  withering  long  before 
that  time ;  as  tlie  flowers  of  Orobanche. 

11.  Fugacious  (Jugax)\  falling  off,  or  perishing  very  rapidly;  as 
many  minute  Fungi,  the  petals  of  Cistus,  &c. 

12.  Permanent  (jperennaaui) ;  not  different  from  persistent :  it  is 
generally  applied  to  leaves. 

13.  Perennial  (perennU);  lasting  for  several  years. 

7.  Of  Colour. 

The  most  useful  books  to  consult  for  the  distinctions  of 
colours  are  Symes's  Booh  of  Colours,  and  the  chromatic  scale 
in  the  Duke  of  Bedford's  publication  upon  Ericas. 

The  best  practical  arrangement  of  colours,  as  applied  to 
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plantJi,  m  that  of  Bucfao^  in   ha  eseeikfit    T\  tmimub^y  ; 
what  frAlfffn  k  Metlj  taken  from  that  work. 

There  are  eight  principal  ooiours,  under  whidi  all  the 
fidien  maj  be  arranged;  riz.  white,  gr^y  Mack,  brown, 
jelkrw,  green,  Uoey  and  red. 

L  White  (aBm$;  in  words  oompoonded  of  Greek,  leweo--). 
I.  Snow-white  (witemM);    as  the  purest  white;  r^w^Jlin  j^. 

ponica. 
2»  Pore  white  (eamditbu  ;  in  Greek  composition,  oryo-) ;  Tcry 

pore,  bat  not  so  dear  as  the  last ;  Liliom  candidnm. 
5«  iTorj-white  Ccream  colour ;  elmrmtmsj  etoriMms};  white  Terg- 

ing  to  jellowy  with  a  little  lostre ;  ConTallaria  majalis. 

4.  Milk-white  (laeieuM;  in  words   compounded  of  Greek,  ga- 
ladO') ;  doll  white  Tcrging  to  blue. 

5,  Chalk-white  (cretaeeu$y  eakareuSj  gyptnu) ;  Tery  doll  white, 
with  a  little  touch  of  grej. 

€y.  Silveiy  {argenteiu) ;  a  little  changing  to  bluish  grej,  with 

something  of  a  metallic  lustre. 
7«  Whitish  {aBndtu)  ;  anj  kind  of  white  a  little  soiled. 

8.  Turning  white  (albescens) ;  changing  to  a  whitish  cast  from 
some  other  colour. 

9.  Whitened  {deaSfoius);  slightly  covered  with  white  upon  a 
darker  ground. 

II.  Grey. 

10*  Ash-grey  (cintreus;  in  words  compounded  of  Gredc,  ttpkro- 
and  spodth-) ;  a  mixture  of  pure  white  and  pure  black,  so  as  to 
form  an  intermediate  tint. 

11.  Ash-grcyish  (cineraceus)  ;  the  same,  but  whiter. 

12.  Pearl-grey  {griseus) ;  pure  grey  a  little  verging  to  blue. 

1 5.  81atc«grey  (schistaceus)  ;  grey  bordering  on  blue. 

14.  Lead-coloured  (plumbeus) ;  the  same  with  a  little  metallic 

lustre. 
l/>.  Smoky  (JumeuSf  futnosus) ;  grey  changing  to  brown. 

16.  Mouse-coloured  (murinus)i  grey  with  a  touch  of  red. 

17.  Hoary  {canus,  or  incanus);  a  greyish  whiteness,  caused  by 
hairs  overlying  a  green  surface. 

18.  Rather  hoary  (canesoens);  a  variety  of  the  last 

III.  Black. 

10.  Pure  black  {aierf  in  Greek  composition,  meh^  or  me- 
lamh)  I  is  black,  without  the  mixture  of  any  other  colour. 
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Atratus  and  nigrUtis ;  when  a  portion  only  of  something  is 
black ;  as  the  point  of  the  glumes  of  Carex. 

20.  Black  (niger) ;    a  little    tinged  with  grey.      A   variety   is 
nigrescens, 

21.  Coal-black  {anihracinus)\  a  little  verging  upon  blue. 

22.  Raven -black  (coracinusy  puUus) ;  black  with  a  strong  lustre. 

23.  Pitch-black  (piceus) ;  black  changing  to  brown.     From  this 
can  scarcely  be  distingiushed  brown  black  {memnanius). 

IV.  Brown. 

24.  Chesnut-brown  (dadius);  dull   brown,  a  little  tinged  with 
red. 

25.  Brown    (fuicus ;    in    Greek  composition,    phieo-);   brown 
tinged  with  greyish  or  blackish. 

26.  Deep-brown  (brunneus) ;  a  pure  dull  brown.     Umber-brown 
(umbrintis)  is  nearly  the  same. 

27.  Bright  brown  (spadiceus) ;  pure  and  very  clear  brown. 

28.  Rusty   (Jerrugineus)  \    light    brown   with  a  little    mixture 
of  red. 

29.  Cinnamon  (cinnamomeus) ;  bright  brown  mixed  with  yellow 
and  red. 

50.  Red-brown  (parphgreus) ;  brown  mixed  with  red. 

51.  Rufous  (rufttSf  rufescens);  rather  redder  than  the  last. 

32.  f  Glandaceus ;  like  the  last,  but  yellower. 

33.  Liver-coloured  (hepcUicus) ;  dull  brown  with  a  little  yellow. 
34*.  Sooty  fuliginetiSf  or  (fuiiginosus) ;  dirty  brown,  verging  upon 

black. 

35.  Lurid  (luridtu) ;  dirty  brown  a  little  clouded. 

V.  Yellow, 

36.  Lemon-coloured  (cUreus    or   cUrinus) ;    the  purest  yellow 
without  any  brightness. 

37*  Golden  yellow   (aureiUy  auratus ;    in    Greek    composition, 
chryso') ;  pure  yellow,  but  duller  than  the  last,  and  bright. 

38.  Yellow  (gluteus ;  in  Greek  composition,  xaniho-)  such  yellow 
as  gamboge. 

39.  Pale  yellow  (/iavus,  luteolus,  lutescens^  JlaviduSf  Jlavescens) ; 
a  pure  but  paler  yellow  than  the  preceding. 

4-0.  Sulphur-coloured  (sulphureus) ;  a  pale,  lively  yellow,  with  a 

mixture  of  white. 
41.  Straw-coloured  {stramineus) ;  dull  yellow  mixed  with  while. 
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42.  Leather  yellow  (aiutaceus)  ;  whitish  yellow* 

43.  Ochre-colour  (ochraceus) ;  yellow,  imperceptibly  changing  to 
brown. 

44.  Ochroleucus;  the  same,  but  whiter. 

45.  Waxy  yellow  (oerinus) ;  dull  yellow,  with  a  soft  mixture  of 
reddish  brown. 

46*  Yolk  of  egg  (vitellmus) ;  dull  yellow,  just  turning  to  red. 

47.  Apricot^colour    (armeniaeus) ;   yellow,  with  a   perceptible 
mixture  of  red. 

48.  Orange-colour    (auraniiacuSf    aiuranHus) ;    the    same,   but 
redder. 

49.  Safiron-coloured  (croeeus) ;  the  same,  but  deeper  and  with  a 
dash  of  brown. 

50.  ffeivohis;  greyish  yellow  with  a  little  brown. 

51.  Isabella-yellow  (ffilvui);  dull  yellow,  with  a  mixture  of  grey 
and  red. 

52.  Testaceous[(testaceus) ;  brownish  jrellow,  like  that  of  unglazed 
earthenware. 

53.  Tawny  (fidvus)  ;  dull  yellow  #ith   a  mixture  of  grey  and 
brown. 

54.  Cervintis ;  the  same,  darker. 

55.  Livid    (lividus) ;    clouded    with     greyish,    brownbh,    and 
blueish. 

VL  Green. 

56*  Grass-green  (maragdinusy  prasinus);    clear,  lively  green, 

without  any  mixture. 
57*  Green  (viridis ;  in  Greek  composition,  chhra-) ;  clear  green, 

but  less  bright  than  the  last.     Vtrens,  virescens,  vniduluSf 

viridescensy  are  shades  of  this. 

58.  Verdigris-green  {aruginosus) ;  deep  green  with  a  mixture  of 
blue. 

59.  Sea-green  (glauctUy  f  thalassicus,  glaucescens) ;  dull  green, 
passing  into  greyish  blue. 

60.  Deep  green  (iUrovirens) ;    green,    a    little  verging  upon 
blade. 

61.  Yellowish  green  (JlatHwirens) ;  much  stained  with  yellow. 

62.  Olive-green  (olivaceu$ ;    in  Greek    composition,  e&no-) ;   a 
mixture  of  green  and  brown. 

VU.  Blue. 

63.  Prussian  blue  (eyaneus ;  in  Greek  composition,  eyam(h);  a 
clear,  bright  blue. 
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64.  Indigo  (f  indigoHctu)  ;  the  deepest  blue. 
GS.  Blue  (cttruleus)  \    something  lighter  and  duller  than  the 
last. 

66.  Sky-blue  (ttzureus) ;  a  light  pure,  lively  blue. 

67.  Lavender-colour  (ctBiius) ;  pale  blue  with  a  slight  mixture  of 
grey. 

68.  Violet  (violaeeuSf  ianthimui) ;  pure  blue  stained  with  red,  so 
as  to  be  intermediate  between  the  two  colours. 

69.  Lilac  (lUacimu) ;  pale>  dull  violet,  mixed  a  little  with  white. 

VIIL  Red. 

70.  Carmine  (kermerinus,  punieeus) ;  the  purest  red  without  any 
admixture. 

71.  Red(rt<^;  in  Greek  composition,  eryAro-) ;  the  common 
term  for  any  pure  red.  Rubescenst  rubeus^  rubelitUf  rubicun- 
duSf  belonging  to  this. 

72.  Rosy  (roseusi  in  Greek  composition,  rhodo-);  pale,  pure 
red. 

73.  Flesh-coloured  {cameus^  incamalus);  paler  than  the  last, 
with  a  slight  mixture  of  red. 

74*.  Purple  (jmrpureus) ;  dull  red  with  a  slight  dash  of  blue. 

75.  Sanguine  (sanguineus);  dull  red,  passing  into  brownish 
black. 

76.  Phaeniceous  (phtmiiceus,  punieeus) ;  pure,  lively  red,  with  a 
mixture  of  carmine  and  scarlet. 

77*  Scarlet  (coceineus);  pure  carmine  slightly  tinged  with 
yellow. 

78.  Flame-coloured  (Jlammeusy  igneus)\  very  lively  scarlet; 
fiery  red. 

79.  Bright  red  (rutUans^  rtUilus) ;  reddish,  with  a  metallic  lustre. 

80.  Cinnabar  (cinnabarinus) ;  scarlet,  with  a  slight  mixture  of 
orange. 

81.  Vermilion  (miniatuSy  f  vermiculaius) ;  scarlet  with  a  decided 
mixture  of  yellow. 

82.  Brick-colour  (kUerUius)  ;  the  same,  but  dull  and  mixed  with 
grey. 

83.  Brown-red  (rvbiginosus^  tuemaiiHcus) ;  dull  red  with  a  slight 
mixture  of  brown. 

84*.  Xerampelinus ;  dull  red  with  a  strong  mixture  of  brown. 

85.  Coppery  (oipreus) ;  brownish  red  with  a  metallic  lustre. 

86.  Githagineuss  greenish  red. 
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8.  Of  Variegatkm, 
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1.  Variegated  (varieffoius) ;  the  colour  disposed  in  various  irre- 
gular, sinuous  spaces. 

2.  Blotched  {maculaius);  the  colour  disposed  in  broad,  irregular 
blotches. 

3.  Spotted  {guUaiuM) ;  the  colour  disfiosed  in  small  spots. 

4.  Dotted  (punctatus) ;  the  colour  disposed  in  very  small  round 
spots. 

5.  Clouded  (ndmlosus) ;  when  colours  are  unequallj  blended 
together. 

6.  Marbled  (marmoratus) ;  when  a  surface  is  traversed  by  irre- 
gular veins  of  colour  ;  as  a  block  of  marble  often  is. 

7.  Tessellated  (teaeUatus) ;  when  the  colour  is  arranged  in  small 
squares,  so  as  to  have  some  resemblance  to  a  tessellated 
pavement. 

8.  Bordered  (JUmbaius) ;  when  one  colour  is  surrounded  by  an 
edging  of  another. 

9.  Edged  (marginatus) ;  when  one  colour  is  surrounded  by  a 
very  narrow  rim  of  anotlier. 

10.  Discoidal  (discoidalis) ;  when  there  is  a  single  large  spot  of 
colour  in  the  centre  of  some  other. 

11.  Banded  (fcucieUus);  when  there  are  transverse  stripes  of 
one  colour  crossing  another. 

12.  Striped  (vittaius);    when  ^ere  are  longitudinal   stripes  of 
one  colour  crossing  another. 

1 3.  Ocellated  (ocellatus) ;  when  a  broad  spot  of  some  colour  has 
another  spot  of  a  different  colour  within  it. 

14.  Painted  (pictus);  when  colours  arc  disposed  in  streaks  of 
unequal  intensity. 
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15.  Zoned  (zonaius) ;  the  same  as  ocellated,  but  the  concentric 
bands  more  numerous. 

16.  Blurred  {Uturatus).  This,  according  to  De  Candolle,  is 
occasionally,  but  rarely,  used  to  indicate  spots  or  rays  which 
seem  formed  by  the  abrasion  of  the  surface ;  but  I  know  of 
no  instance  of  such  a  character. 

17-  Lettered  (grammicus);  when  the  spots  upon  a  surface  as- 
sume the  form  and  appearance  of  letters;  as  some  0|>e- 
graphas. 

9.  Of  Veining. 

In  terms  expressive  of  this  quality  the  word  nerves  is  ge- 
nerally used,  but  very  incorrectly. 

1.  Ribbed  (nervosus,  f  nervatus) ;  having  several  ribs;  as  Plan- 
tago  lanceolata,  &c. 

2.  One-ribbed  (uninervisy  j  uninervcUuSf  costatus)  ;  when  there  is 
only  one  rib ;  as  in  most  leaves. 

3.  Three-ribbed  (trinervis) ;  when  there  are  three  ribs  all  pro- 
ceeding from  the  base  ;  as  in  Chlronia  Centaurium.  Quinqut' 
nerviSf  when  there  are  iive ;  as  in  Gentiana  lutea.  SeptemnerviSf 
when  there  are  seven  ;  as  in  Alisma  Plantago  ;  and  so  on. 

4.  Triple-ribbed  (triplinervis)  ;  when  of  three  ribs  the  two  lateral 
ones  emerge  from  the  middle  one  a  little  above  its  base ;  as 
in  Melastoma  multiflora.  Qmnh^linervis,  &c.  are  used  to 
express  the  obvious  modifications  of  this. 

5.  f  Indirecte  vchosus  ;  when  the  lateral  veins  are  combined 
within  the  margin,  and  emit  other  little  veins.    Link. 

6.  f  Evanescenti'Venosus ;  when  the  lateral  veins  disappear  within 
the  margin.     Ih, 

7.  f  Combinate  venosus  ;  when  the  lateral  veins  unite  before  they 
reach  the  margin.    lb. 

8.  Straight-ribbed  (f  rectinervisy  -fparallelenervisy  direct^  venasusy 
Link) ;  when  the  lateral  ribs  are  straight ;  as  in  Alnus  glu- 
tinosa,  Castanea  vesca,  &c.  Mirb.  Wlien  the  ribs  are  straight 
and  almost  parallel,  but  united  at  the  summit ;  as  in  grasses. 
De  CaruL 

9.  f  Curve-ribbed  {fcurvinervisy  f  converginervis) ;  when  the  ribs 
describe  a  curve,  and  meet  at  the  point;  as  in  Plantago 
lanceolata. 

10.  t  Rupiinervisy  when  a  straight-ribbed  leaf  has  its  ribs  inter- 
rupted at  intervals.    De  Cand. 
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}l.  f  Ptmm^jfrmii  f  wfaai  the  ribt  are  difpoied  as  in  a  pomalcd 
leaf,  but  confluent  at  the  point;  a*  in  die  Date.    IM  CmmL 

\%  f  Paim^orwuM;  when  the  r3»  are  aiiaugcd  as  in  palmafr 
leares ;  as  in  the  Chamcrops.    7ft. 

15.  \Pemmmenns;  when  the  ribs  are  pinnated  (2)ir  CndL) ;  as 
in  Castanea  Tesca. 

J4«  f  Pedatinervu;  when  the  rfts  are  pedate.  De  AadL 

15.  f  PaimimatU  /  when  thej  are  palmated.    1& 

16.  f  PMrnervis  ;  when  thej  are  peltate.     lb. 

17.  t  VagmervU;  when  the  Teins  are  arranged  without  any 
order ;  as  in  Ficoideg.     lb. 

Id.  f  Reluurvii;  when  the  veins  are  reticulated,  or  like  lace.  lb, 

19.  t  NuBmervitj  or  emerms;  when  there  are  no  ribs  or  reins 
whatever.    lb. 

20.  t  FaUmervU ;  when  the  veins  have  no  vascular  tissue,  but 
are  formed  of  simple,  elongated,  cellular  tissue ;  as  in  mosses, 
Fuci,  &c. 

21.  t  Hinaideui;  when  all  the  veins  proceed  from  the  midrib^ 
and  are  parallel  and  undivided;  as  in  Sdtamines.  LhJL 
When  they  are  connected  by  little  cross  veins,  the  term  is 
t  venuloso-hinoideus.    lb. 

22.  t  Venasut ;  when  the  lateral  veins  are  variously  divided,  lb. 


IL  Of  Individual  Relative  Terms. 

These  are  arranged  under  the  heads  of  Egtivatianj  or  the 
relation  which  organs  bear  to  each  other  in  the  bud  state ; 
Direction^  or  the  relation  which  organs  bear  to  the  sur&ce  of 
the  earth,  or  to  the  stem  of  the  plant  which  forms  the  axis, 
either  real  or  imaginary,  round  which  they  are  disposed ;  and 
Insertion,  or  the  manner  in  which  one  part  is  inserted  into,  or 
adheres  to,  another. 

1.  Of  Estivation. 

The  term  estivaiianj  or  prte/laratianj  is  applied  to  the  parts 
of  tlie  flower  when  unexpanded ;  and  vernation  is  expressive 
of  the  foliage  in  tlie  same  state.  The  ideas  of  their  modifi- 
cations are,  however,  essentially  the  same. 

1*  Involute  (invohiiiva,  invohUa);  when  the  edges  are  rolled 
inwards  spirally  on  each  side  (Link) ;  as  the  leaf  of  the  apple. 
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2.  Revolute  (revoluHva^  revoliUd);  when  the  edges  are  rolled 
backwards  spirally  on  each  side  (Link) ;  as  in  the  leaf  of  the 
rosemary. 

3.  Obvolute  (obvoluHvOf  obvoliUa  (Lmk);  temi-an^phxch  De 
Cand.) ;  when  the  margins  of  one  alternately  overlap  those  of 
that  which  is  opposite  to  it. 

4.  Convolute  (canvoluiiva^  convoluia)  ;  when  one  is  wholly  rolled 
up  in  another,  as  in  the  petals  of  the  wall-flower. 

5.  Supervolute  (supervoltUiva) ;  when  one  edge  is  rolled  in- 
wards, and  is  enveloped  by  the  opposite  edge  rolled  in  an 
opposite  direction ;  as  the  leaves  of  the  apricot. 

6.  Induplicate  {IndupHcaiivd) ;  having  the  margins  bent  abruptly 
inwards,  and  the  external  face  of  these  edges  applied  to  each 
other  without  any  twisting ;  as  in  the  flowers  of  some  species 
of  Clematis. 

7.  Conduplicate  (condupUcaHvcL^  condupUcaid) ;  when  the  sides 
are  applied  parallelly  to  the  faces  of  each  other. 

8.  Plaited  (jpUcaiivay  plicata)  ;  folded  lengthwise,  like  the  plaits 
of  a  closed  fan ;  as  the  vine  and  many  palms. 

9.  Replicate  (replicativd) ;  when  the  upper  part  is  curved  back 
and  applied  to  the  lower ;  as  in  the  Aconite. 

10.  Curvative  (ctirraA't^a) ;  when  the  margins  are  slightly  curved, 
either  backwards  or  forwards,  without  any  sensible  twisting. 
De  Cand. 

1 1.  Wrinkled  (corrugcUOy  cormgaHva) ;  when  the  parts  are  folded 
up  irregularly  in  every  direction;  as  the  petals  of  the 
poppy. 

12.  Imbricated  (JirnbricaUvOy  imbricata)  ;  when  they  overlap  each 
other  parallelly  at  the  margins  without  any  involution.  This 
is  the  true  meaning  of  the  term.  M.  Dc  CandoUe  applies  it 
in  a  different  sense.    {Thiorie^  ed.  1.  p.  399.) 
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13.  Equitant  (equiUUiva^  equiiam^  Link;  amplexOy  De  Cand.); 
when  they  overlap  each  other  parallelly  and  entirely,  without 
any  involution  ;  as  the  leaves  of  Iris. 

14.  Reclinate  (reclinata) ;  when  they  are  bent  down  upon  their 
stalk. 

15.  Circinate  {circinatU8)\  when  they  are  rolled  spirally  down- 
wards. 

16.  Valvate  (yalvata^  valvaris);  applied  to  each  other  by  the 
margins  only ;  as  the  petals  of  Umbelliferse,  the  valves  of  a 
capsule,  &c. 

17.  Quincunx  (quincuncialis) ;  when  the  pieces  are  five  in  num- 
ber, of  which  two  are  exterior,  two  interior,  and  the  fifth 
covers  the  interior  with  one  margin,  and  has  its  other  margin 
covered  by  the  exterior ;  as  in  Rosa. 

1 8.  Twisted  (torsiva,  spiralUer  contarta) ;  the  same  as  contorted, 
except  that  there  is  no  obliquity  in  the  form  or  insertion  of 
the  pieces ;  as  in  the  petals  of  Oxalis. 

19.  Contorted  (contarta)  \  each  piece  being  oblique  in  figure, 
and  overlapping  its  neighbour  by  one  margin,  its  other  mar- 
gin being,  in  like  manner,  overlapped  by  that  which  stands 
next  it ;  as  Apocyneae. 

20.  Alternative  (aUemativa) ;  when,  the  pieces  being  in  two 
rows,  the  inner  is  covered  by  the  outer  in  such  a  way  that 
each  of  the  exterior  rows  overlaps  half  of  two  of  the  interior ; 
as  in  Liliacese. 

21.  YeTuxWdLvy  (yexiUaris)\  when  one  piece  is  much  larger  than 
the  others,  and  is  folded  over  them,  they  being  arranged  face 
to  face ;  as  in  papilionaceous  flowers. 

22.  Cochlear  (cochlearis)  ;  when  one  piece,  being  larger  than  the 
others,  and  hollowed  like  a  helmet  or  bowl,  covers  all  the 
others ;  as  in  Aconitum,  some  species  of  personate  plants,  &c, 

2.  Of  Direction. 

1.  Erect  (erectuii  arrectus) ;  pointing  towards  the  zenith. 

2.  Straight  (rectus) ;  not  wavy  or  curved,  or  deviating  from  a 
straight  direction  in  any  way. 

3.  Very  straight  (strictus);    the  same    as    the  last,   but    in 
excess. 

4.  Swimming  (nutans) ;  floating  under  water ;  as  Confervas. 

5.  Moating  (flmtans) ;  floating  upon  the  surface  of  water ;  as 
the  leaves  of  Nuphar. 
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6.  Submersed  (suhmersus,  demersus) ;  buried  beneath  water. 

7.  Descending  (cfe^ccTuiSera^);   having  a  direction  gradually  down- 
wards. 

8.  Hanging  down  (dq)endens) ;  having  a  downward  direction, 
caused  by  its  own  weight* 

9.  Ascending  (ascendensy  assurgens);    having  a  direction  up- 
wardsy  with  an  oblique  base ;  as  many  seeds. 
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10.  Perpendicular  (yerticalis^  perpendicularis) ;  being  at  right 
angles  with  some  other  body. 

11.  Oblique  (obliquus);  when  the  margin  points  to  the  heavens, 
the  apex  to  the  horizon ;  as  the  leaves  of  Protea  and  Fri- 
tillaria. 

12.  Horizontal  (harizontalis) ;  when  the  plane  points  to  the 
heavens,  the  apex  to  the  horizon  ;  as  most  leaves. 

13.  Inverted  (inversus)  ;  having  the  apex  of  one  thing  in  an  op- 
posite direction  to  that  of  another ;  as  many  seeds. 

H.  Revolute  (revoltUus) ;  rolled  backwards  from  the  direction 
ordinarily  assumed  by  similar  other  bodies;  as  certain  ten- 
drils, and  the  ends  of  some  leaves. 

15.  Involute  (involtUus) ;  rolled  inwards. 

16.  Convolute  (convolutus)  ;  rolled  up. 

17.  Reclining  (reclinatus) ;  falling  gradually  back  from  the  per- 
pendicular ;  as  the  branches  of  the  banyan  tree. 

18.  Resupinate  (resupinatus) ;  inverted  in  position  by  a  twisting 
of  the  stalk ;  as  the  flowers  of  Orchis. 

19.  f  Inclining  (-f  inclinatusy  decUnaius);  the  same  as  reclining, 
but  in  a  greater  degree. 

20.  Pendulous  (pendulus) ;  hanging  downwards,  in  consequence 
of  the  weakness  of  its  support. 
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il.  Drooping (ttrwmm):  Jneliniiig  «  Bcde  ft—  ibepci 

M  that  the  apex  m  directed  lowvds  the  barinM. 
22.  Sodifiiig  (tudam*) :  mdinmg  nrj  nncfa  from  the  | 


SS*  One-tided  (uamdta) ;  bsviog  all  the  parU  bj  twists  in  tb^r 
■tallu  turned  one  way  ;  as  the  flowers  of  Antht^jza. 

24,  Inflexed  (injienu,  meumu,  iiUroJkxta,  vUnemnmt,  h^rae- 
lui)  ;  luddeoly  bent  inwards. 

25.  Keflexed  (r«/2srtM,  rteumu,  rttrofiexut,  rttrcamnu,  r^rae- 
tut)  ;  suddenly  bent  backwards. 

S0.  Deflexed  {deflextu,  deelinatu$)  ;  bent  downwards. 

Z7<  Flexuose    (JUxuonu)  -,    having  a  gently  bending  direction) 

alternately  inwards  and  outwards. 
2B.  Tortuous  (Jortwmu);    having  an   irr^ular,  bending,  and 

turning  direction. 
21).  Knee'Jointed  (ffenieulahu) ;  bent  abruptly  like  a  knee ;  as 

the  stems  of  many  grasses. 
SO.  Spiral  (ipiraUt,  a^ractuottu) ;   resemUing  in  direction  the 

spires  ofa  corkscrew,  or  other  twisted  thing. 
91.  Circinatc  {eireinatut,gyratut,eircinalUt)  bent  like  the  head 

ofa  croiier  ;  as  the  young  shooU  of  ferns. 
99.  Twining  (volubilit) ;  havmg  the  property  of  twisting  round 

•omo  other  body. 

a.  To  the  right  hand,  or  dextromMs  when  the  twisting  is 
from  left  to  right,  or  in  the  direction  of  the  son's  course ; 
as  the  hop. 

b.  To  the  left  hand  (nnittrornm) ;  when  the  twisting  is  from 
right  to  left)  or  opposite  to  the  sun's  course ;  as  Convolvulus 
seplum. 
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33.  Turned  backwards  (reirorsus) ;  turned  in  a  direction  oppo- 
site to  that  of  the  apex  of  the  body  to  which  the  part  turned 
appertains. 

34<.  Turned  inwards  (intrornu,  anticus) ;  turned  towards  the  axis 
to  which  it  appertains. 

35*  Turned  outwards  (extrortus  posticus) ;  turned  away  from  the 
axis  to  which  it  appertains. 

36.  Procumbent  (procumbens^  humifunui) ;  spread  over  the  sur- 
face of  the  ground. 

37.  Prostrate  (prostrahUf  protius) ;  lying  flat  upon  the  earth,  or 
any  other  thing. 

38.  Decumbent  (decumbens) ;  reclming  upon  the  earth,  and  rising 
again  from  it  at  the  apex. 

39.  Diffuse  (diffusus)  ;  spreading  widely. 

40.  Straggling  (divaricaitu) ;  turning  off  from  any  thing  irregu- 
larly, but  at  almost  a  right  angle  ;  as  the  branches  of  many 
things. 

41.  Brachiate  (brachiattLs)  \  when  ramifications  proceed  from  a 
common  axis  nearly  at  regular  right  angles,  alternately  in 
opposite  directions. 

42.  Spreading  {patens) ;  having  a  gradually  outward  direction ; 
as  petals  from  the  ovarium. 

42  43 
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43.  Converging  (conmeens) ;  having  a  gradually  inward  direction ; 
as  many  petals. 

44.  Opposite  (adversus^  \oppositus) ;  pointing  directly  to  a  par- 
ticular place ;  as  the  radicle  to  the  hilum. 

45.  Uncertain  (vagus) ;  having  no  particular  direction. 

46.  Peritropal  (peritrcpus)  ;  directed  from  the  axis  to  the  hori- 
zon. This  and  the  four  following  are  only  applied  to  the 
embryo  of  the  seed. 
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47.  Orthotropal    (orlhotropm  \)    straigbt,  and   having  the  same 
direction  as  the  body  to  which  it  belongs. 

48.  Antitropal  (antitropus) ;  straight,  and  having  a  direction  con- 
trary to  that  of  the  body  to  which  it  belongs. 

+9.  Amphitropal  (amphitrtjpus) ;  curved  round  the  body  to  which 

it  belongs. 
50.  Homotropal  {homotroput) ;  iiaving  the  same  direction  as  the 

body  to  which  it  belongs,  but  not  being  straight. 

3.    Of  Insertion. 
A.   WiOi  respect  to  the  mode  tf  attachment,  or  of  ad/te^on. 


1 .  PelUte  {pellatui,  umbiUcaltu) ;  fixed  to  the  stalk  by  the  centre, 
or  by  some  point  dbtinctly  within  the  margin ;  as  the  leaf  of 
Tropaeolum, 

2.  Sessile  (tettiiii) ;  sitting  close  upon  the  body  that  supports  it 
without  any  sensible  stalk. 

3.  Decurrent  (decutreru,  decwsivus) ;  prolonged  below  the  point 
of  insertion,  as  if  running  downwards. 

4.  EmhtaciDg  [(tmplectans) ;  clasping  with  the  base. 

5.  Stem-clasping  {amplexicaulu) ;  the  same  as  the  last,  but  ap- 
plied only  to  stems. 

6.  Half-stem -clasping  (lemi-ampkxieauUi) ;  the  same  as  the  last, 
but  in  a  smaller  degree. 

?.  Perfoliate  {perfoUaiiu)  ;  when  the  two  basal  lobes  of  an  am- 
plexicaul  leaf  are  united  together,  so  that  the  stem  appears  to 
pass  through  the  substance  of  the  leaf. 

S.  Connate  (oonnato*) ;  when  the  bases  of  two  oppraite  leaves 
are  united  U^ther. 
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9.  Sheathing  (yaginans) ;  surrounding  a  stem  or  other  body  by 
the  convolute  base :  this  chiefly  occurs  in  the  petioles  of 
grasses. 

10.  Adnate  (adnaiusy  annexus);  adhering  to  the  face  of  a 
thing. 

11.  Innate  (innatus) ;  adhering  to  the  apex  of  a  thing. 

12.  Versatile  (vermHlis^  -f  ascUlatorius) ;  adhering  slightly  by  the 
middle,  so  that  the  two  halves  are  nearly  equally  balanced, 
and  swing  backwards  and  forwards. 

1 3.  Stipitate  (jOipUatus) ;  elevated  on  a  stalk  which  is  neither  a 
petiole  nor  a  peduncle. 

14.  f  Palaceous  {^palaceus)\  when  the  foot-stalk  adheres  to  the 

margin.     WUld, 

15.  Separate  (f  sahUuSf  liber,  -fdistinchu);  when  there  is  no 
cohesion  between  parts. 

16.  Accrete  (accretus) ;  fastened  to  another  body,  and  growing 
with  it.    De  Cand. 

17.  Adhering  (adherens)  \  united  laterally  by  the  whole  surface 
with  anoUier  organ.    De  Cand, 

18.  Cohering  {coherens,  \coadnatU8,  ooadunatus,  fcoaiitus,  f  con- 
natusy  confluens) :  this  term  is  used  to  express,  in  general,  the 
fastening  together  of  homogeneous  parts.  De  Cand.  Such 
are  De  Candolle's  definitions  of  these  three  terms ;  but  in 
practice  there  is  no  difference  between  them. 

19.  Articulated  (articulaifis) ;  when  one  body  is  united  with 
another  by  a  manifest  articulation. 

B.   With  respect  to  situation. 

1 .  Dorsal  (dorsaUs)  ;  fixed  upon  the  back  of  any  thing. 

2.  Lateral  (laiercUis) ;  fixed  near  the  side  of  any  thing. 

3.  Marginal  (tnarginalis) ;  fixed  upon  the  edge  of  any  thing. 

4.  Basal  (basilaris) ;  fixed  at  the  base  of  any  thing. 

5.  Radical  (radiccUis) ;  arising  from  the  root. 

6.  Cauline  (caulinus)  ;  arising  from  the  stem. 

7.  Rameous  (rameus,  ramealis) ;  of  or  belonging  to  the  branches. 

8.  Axillary  (axiilarisy  f  alaris) ;  arising  out  of  the  axilla. 

9.  Floral  (Jloralis) ;  of  or  belonging  to  the  flower. 

10.  Epiphyllous  (Joliarisy  epiphyUus)\  inserted  upon  the  leaf. 

11.  Terminal  (terminalis)\  proceeding  from  the  end. 

12.  Of  the  leafstalk  (p^iolaris)\  inserted  upon  the  petiole. 

1 3.  Crowning  (eoronans) ;  situated  on  the  top  of  any  thing. 
Thus,  the  limbs  of  the  calyx    may   crown    the  ovary;   a 
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gland  at  tliG  apex  of  the  &lament  may  cniirn  the  staroen  ;  and 
soon. 

14.  Epigeoua  (epigteui)  ;  growing  close  upon  tlie  earth. 

15.  Subterraoean  (Ajjxi^izuf,  t '■'A'emuMtM)  ;  grofring  under  die 
earth. 

16.  AmphigenouB  (m^higemu). 

17.  EpigynouB  (^ngyntu)  %    growing    upon    the   summit  of  ihe 


18.  Hy^ogynOM  (hypogynut) ;  growing  from  below  the  base  of 
the  ovarium. 

19.  Perigynous  (/wr^^u*) ;  growing  upon  Eome  body  that  sur- 
rounds the  ovarium. 


Class  II.     Of  Collective  Terms. 

It  has  been  already  explained,  that  collective  terms  are 
those  which  apply  to  plants,  or  their  parts,  considered  in 
masses ;  by  which  is  meant  that  they  cannot  be  applied  to  any 
one  single  part  or  thing,  without  a  reference  to  a  larger  num- 
ber being  either  expressed  or  understood.  Thus,  when  leaves 
are  said  to  be  opposite,  that  term  is  used  with  respect  to 
several,  and  not  to  one;  and  when  a  panicle  is  said  to  be  lax 
or  loose,  it  means  that  the  flowers  of  a  panicle  are  loosely 
arranged ;  and  so  on. 


I*.  Of  Arrangement. 
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1 .  Opposite  (pppositus)  ;  placed  on  opposite  sides  of  some  other 
body  or  thing  on  the  same  plane.  Thus,  when  leaves  are 
opposite,  they  are  on  opposite  sides  of  the  stem ;  when  petals 
are  opposite,  they  are  on  opposite  sides  of  the  ovary;  and 
so  on. 

2.  Alternate  (altemus) ;  placed  alternately  one  above  the  other 
on  some  common  body,  as  leaves  upon  Uie  stem. 

3.  Stellate  {stellatusy  steUiformis^  Heliulatus) ;  the  same  as  ver- 
ticillate,  No.  4.,  except  that  the  parts  are  narrow  and 
acute. 

4.  Whorled  (verticilhUus) ;  when  several  things  are  in  opposition 
round  a  common  axis,  as  some  leaves  round  their  stem ;  sepals, 
petals,  and  stamens  round  the  ovarium,  &c. 

5.  Ternate  (temus) ;  when  three  things  are  in  opposition  round 
a  common  axis. 

6.  Loose  (laxus) ;  when  the  parts  are  distant  from  each  other, 
with  an  open,  light  kind  of  arrangement;  as  the  panicle 
among  the  other  kinds  of  inflorescence. 

7.  Scattered  {spartus) ;  used  in  opposition  to  whorled,  or  oppo- 
site, or  ternate,  or  other  such  terms. 

8.  Compound  (campasiius);  when  formed  of  several  parts 
united  in  one  common  whole ;  as  pinnated  leaves,  all  kinds  of 
inflorescence  beyond  that  of  the  solitary  flower. 

9.  Crowded  (conferhui) ;  when  the  parts  are  pressed  closely 
round  about  each  other. 

10.  Imbricated  (tm^rtcafu^) ;  when  parts  lie  over  each  otlier  in 
regular  order,  like  tiles  upon  the  roof  of  a  house ;  as  the 
scales  upon  the  cup  of  some  acorns. 

11.  Rosulate  (rowlaius,  rosularis);  when  parts  which  are  not 
opposite,  nevertheless  become  apparently  so  by  the  con- 
traction of  the  joints  of  the  stem,  and  lie  packed  closely  over 
each  other,  like  the  petals  in  a  double  rose ;  as  in  the  offsets 
of  houseleek. 

12.  Csespitose  (caspUosus)  ;  forming  dense  patches,  or  turfs;  as 
the  young  stems  of  many  plants. 

1 3.  Fascicled  (fasciculaius) ;  when  several  similar  thingjB  pro- 
ceed from  a  common  point ;  as  the  leaves  of  the  larch,  for 
example. 

14.  Distichous  (dMchv^f  bifaritis)  ;  when  things  are  arranged  in 
two  rows,  the  one  opposite  to  the  other ;  as  the  florets  of 
many  grasses. 
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diim  no  flowers,  ttien  scales  are  said  to  be  starved. 
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25.  Distant  (distanSf  remotus^  rarus) ;  in  contradiction  to  imbri- 
cated, or  dense,  or  approximated,  or  any  such  words. 

26.  Interrupted  (inierruptus) ;  when  any  symmetrical  arrange- 
ment is  destroyed  by  local  causes,  as,  for  example,  a  spike 
is  said  to  be  interrupted  when  here  and  there  the  axis  is  un- 
usually elongated,  and  not  covered  with  flowers;  a  leaf 
is  interruptedly  pinnated  when  some  of  the  pmnas  are  much 
smaller  than  the  others,  or  wholly  wanting ;  and  so  on. 

27.  Continuous,  or  uninterrupted  (ixnUinuus) ;  the  reverse  of  the 
last. 

28.  Entangled  (iniricaius) ;  when  things  are  intermixed  in  such 
an  irregular  manner  that  they  cannot  be  readily  disentangled ; 
as  the  hairs,  roots,  and  brandies  of  many  plants. 

29.  Double,  or  twin  (f  dupUcaiuSy  ffcmintUus)  ;  growing  in 
pairs. 

30.  Rosaceous  (roiocewi) ;  having  the  same  arrangement  as  the 
petals  of  a  single  rose. 

31.  Radiant  (radiaius) ;  diverging  from  a  common  centre,  like 
rays ;  as  the  ligulate  florets  of  any  compound  flower. 

2*.  Of  Number. 

1.  None  (nt</7tM) ;  absolutely  wanting. 

2.  Numerous  (ntaneroms) ;  so  many  that  they  cannot  be  counted 
with  accuracy ;  or  several,  but  not  of  any  definite  number. 

3.  Solitary  (solUariuSy  unicus)  ;  growing  smgly. 

4.  Many  (m  Greek  compounds,  ^lo^) ;  has  the  same  meaning  as 
numerous. 

5.  Few  (m  Greek  compounds,  oliffos) ;  means  that  the  number 
is  small,  not  indefinite.  It  is  generally  used  in  contrast  with 
many  (poly)  when  no  specific  number  is  employed ;  as  in  the 
definition  of  things,  the  number  of  which  is  definite,  but 
variable. 
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Besides  the  above,  De  CandoUe  has  the  following  Table 
of  Numbers  ( Theorie^  502.) :  — 


Derived  from  the 

Derived  from  the 

Ladn. 

Greek. 

Uili 

mono 

1. 

hi 

di 

2. 

tri 

tri 

3. 

quadri 

tetra 

4. 

quinque 

penta 

5. 

sex 

hexa 

6. 

septem 

hep^- 

octo 

octo 

8. 

novem 

ennea 

9. 

decern 

deca 

10. 

undecim 

endeca 

11. 

duodecim 

dodeca 

'  l^drfrom  11  to  19. 

viginti 

ices 

.   20. 

pauci 

oligos 

a  small  number. 

pluri 

- 

a  middling  number. 

multi 

poly 

a  great  number. 

bini,  gemini 

2  together. 

terni,  ternati 

- 

■  .  3  together. 

quatenii,quatemati 

- 

4  tf^ether. 

quini,  quinati 

- 

5  together. 

seni 

- 

6  together. 

septeni 

- 

7  together. 

octoni 

•                • 

8  together. 

noni,  noveni 

9  together. 

deni»  f  denarii 

.  - 

10  together. 

duodeni 

- 

12  together. 

viceni 

. 

20  together. 

simplici 

. 

solitary,  or  simple. 

duplici 

- 

double. 

triplici 

triple. 

quadruplici 

- 

quadruple. 

quintuplici 
sextuplici 

- 

quintuple, 
sextuple. 

- 

multiplici 

- 

multiple. 

tripli 

/triple,  only  applied  to 
\      the  ribs  of  leaves. 
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Class  III.     Of  Terms  of  Qualification. 

Terms  of  qualification  are  generally  syllables  prefixed  to 
words  of  known  signification,  the  value  of  which  is  altered 
by  such  addition.  These  syllables  are  often  Latin  prepo- 
sitions. 

1.  Obf  prefixed  to  a  word,  indicates  inversion :  thus,  o^vate 
means  inversely  ovate ;  o5cordate,  inversely  cordate ;  o^oni- 
cal,  inversely  conical ;  and  so  on.  Hence  it  is  evident  that  this 
prefix  cannot  be  properly  applied  to  any  terms  except  such 
as  indicate  that  one  end  of  a  body  is  wider  than  the  other ; 
for  if  both  ends  are  alike,  there  can  be  no  apparent  inversion : 
therefore  when  the  word  o&lanceolate  is  used,  as  by  some 
French  writers,  it  literally  means  nothing  but  lanceolate ;  for 
that  figure,  being  strictly  regular,  cannot  be  altered  in  figure 
by  inversion. 

2.  Suby  prefixed  to  words,  implies  a  slight  modification,  and 
may  be  Englished  by  somewhat :  as,  stibovtLte  means  some- 
what ovate ;  subviridiSy  somewhat  green  ;  nc^rotundus,  some- 
what round ;  m^purpureus,  somewhat  purple ;  and  so  on. 
Tlie  same  effect  is  also  given  to  a  term  by  changing  the  ter- 
mination into  cucenSy  or  escens:  thus,  viridescens  signifies 
greenish ;  rubescensy  reddish  ;  and  so  on. 

Siyns. 

In  botany  a  variety  of  marks,  or  signs,  are  employed  to 
express  particular  qualities  or  properties  of  plants.  The 
principal  writers  who  have  invented  these  signs  are  Linnasus, 
Willdenow,  De  Candolle,  Trattinnick,  and  Loudon :  — 

*  Ztnn.,    WiUd^  De  CantLy    Tratt.y  indicates  that  a  good 

description  will  be  found  at  the  reference  to  which  it  is 

affixed, 
f  Linn.y    Willd^  De   Cand,y    Tratt,,   indicates   that    some 

doubt  or  obscurity  relates  to  the  subject  to  which  it  is 

affixed. 
/  De  Cand^  shows    that  an  authentic  specimen  has  been 

examined  from  the  author  to  whose  name  or  work  it  is 

annexed. 
?  The  note  of  interrogation  varies  in  its  effect,  according  to 

the  place  in  which  it  is  inserted.     When  found  aflcr  a 

specific  name,  as  Papaver  aambricum  ?  it  signifies  that 
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it  is  uncertain  whether  the  plant  so  marked  is  that 
species,  or  some  other  of  the  genus  ;  if  after  the  generic 
name,  as  Papaver  ?  cambricum^  it  shows  an  uncertainty 
whether  the  plant  so  marked  belongs  to  the  genus  Pa- 
paver ;  when  found  affixed  to  the  name  of  an  author,  as 
Papaver  cambricum  Linn.,  Smith,  Lam.  ?  it  signifies  that, 
while  there  is  no  doubt  of  the  plant  being  the  same  as 
one  described  under  that  name  by  Linnaeus  and  Smith, 
it  is  doubtful  whether  it  is  not  different  from  that  of 
Lamarck.  It  may  be  remarked,  that  when  the  interro- 
gation has  a  general,  and  not  a  particular  application,  it 
should  be  placed  at  the  commencement  of  the  para- 
graph ;  as  f  Papaver  cambricum  Smith,  &c.,  not  Papaver 
cambricum  Smith  ?  &c.  as  is  the  usual  practice. 

^  Linn,   Willd,     A  tree  or  shrub. 

^  Loudon.    A  deciduous  tree. 

f  Loudon.    An  evergreen  tree. 

t)  Tratt,    A  true  tree ;  as  the  oak. 

t)  De  Cand.    An  under-shrub ;  as  Laurustinus. 

.CI  Loudon.     A  deciduous  under-shrub. 

n.  Loudon,     An  evergreen  under-shrub. 

b   De  Cand.  \  ^    , 

B   TraU.        jCaulocarpous. 

S  De  Cand.  1  ^  ^^^^^ 
7^  TraU.        J 

A  Loudon.    A  deciduous  shrub, 
ii  Loudon.    An  evergreen  shrub. 
5  De  Cand.     A  small  tree. 

5  De  Catui.    A  tree  more  than  twenty-five  feet  high. 
T  TraU.     1  A  simple-stemmed  arborescent  monocotyledon-  • 
£  Loudon,  j      ous  tree  ;  such  as  a  palm. 
n  Linn.,  Willd.y  De  Cand.,  TraU.  1 
A  Loud<m.  I A  perennial. 

O  De  Cand.    Monocarpous  in  general. 

@  De  Cand,  i 

o  TraU,  I      monocarpous  perennial. 

O  Linn,,  WiUd.,  TVott.l 
fij  De  Cand.  j*  Annual. 

O  Loudon,  J 

i   Linn,,  Willd,  "i 
®  De  Cand.         I  _.       .  , 
eO    TraU.  h  Biennial. 

0>  Loudon,  J 
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$  TraiL 

ni  TratU 

$  TraiL 

O  TraiL 

t  TraU. 

K  TraU. 


Trait.    A  plant  that  is  propagated  by  new  tubers,  which 

perish  as  soon  as  they  have  borne  a  plant ;  as  the 

potatoe. 
A  plant  that  is  propagated  by  suckers;   as  Poa 

pratensis. 
A  plant  that  is  propagated  by  runners;   as  the 

strawberry. 
A  viviparous  plant ;  or  one  that  increases  by  buds 

which  fall  from  it ;  as  Lilium  tigrinum. 
A  stemless  plant ;  as  Carduus  acaulis. 
A  plant  whose  flowers  are  borne  upon  a  scape ;  as 

Hieracium  Pilosella. 
A  plant  which  bears  its  flowers  and  leaves  upon 

two  separate  stems ;  as  Curcuma  Zedoaria.    This 

sort   of   plant  is   called  by  Trattinnick  hUerO' 

phylxms. 
vij^  TraU.       1  A  Calamarious,  or  grassy,  plant;  as  Bromus 
jk  Loudon,    J      mollis. 

P  Trait.         J  ^  ^^^^  P^^' 
(  De  Cand.    Which  twines  to  the  right. 
)  De  Cand.    Which  twines  to  the  left. 
S  Loudon.    A  deciduous  twining  plant. 

An  evergreen  twining  plant. 

A  deciduous  climbing  plant. 

An  evergreen  climbing  plant. 

A  deciduous  trailing  plant. 

An  evergreen  trailing  plant. 

A  deciduous  creeping  plant. 

An  evergreen  creeping  plaiit. 

A  deciduous  herbaceous  plant 

An  evergreen  herbaceous  plant. 

A  bulbous  plant 

A  fiisiform-rooted  plant. 

A  tuberous^rooted  plant. 

An  aquatic  plant. 

A  parasitical  plant. 
A  De  Cand^  Tratt.     An  evergreen  plant. 
00  De  Cand.  \ 
O  O    Traii.         ] 

S    WiUd.,  &c.    The  male  sex. 

$    WiUd.,  &Q.    The  female  sex. 

9    Willd.^  &c.     The  hermaphrodite  sex. 


Loudon, 
Loudon, 
Loudon, 
Loudon, 
Loudon, 
Loudon. 
Loudon. 
Loudon, 
Loudon. 
Loudon, 

t  Loudon. 

A  Loudon. 

A  Loudon, 

£  Loudon, 


X 
L 


An  indefinite  number. 
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lp    WiUd.    The  neuter  sex. 
^  —  ^    WilkL '^Momscious;   or   the   male  and  female  on  one 
SOS  TrcUL  J      plant. 
S :  ^    WiUd.  1  Dioecious ;  or  the  male  and  female  in  different 
eo    Trati.  J      plants. 
^  I   $    WilkL    Hermaphrodite   and    female    in  one  compound 

flower. 
B  I  1;    WiUd,    Hermaphrodite  and    neuter  in  one  compound 

flower. 
9  — $    WUUL    Hermaphrodite  and  male  on  one  stem. 
^  —  9    WUld.     Hermaphrodite  and  female  on  one  stem. 

AlbrematUms. 

These  are  only  known  iii  the  botanical  works  which  are 
written  in  Latin  :  they  are  of  little  importance,  and,  as  will 
be  seen  by  the  mark  f  prefixed,  are  scarcely  ever  used.  The 
following  list  is  chiefly  taken  from  Trattinnick.  {Synodus^ 
i.  16.):— 
t  iEst.        JEstate. 

Alb.         Albumen, 
f  Alp.         Alpesy  Alpinus. 

Anth.       Anihercij  Anthodium^  Aniheris, 

Apr.         Aprilisy  Apricus, 
t  Arv.        Arvoy  Arvensis. 
f  Ar.  ArenOf  Arenosus. 

f  Art.         ArtificiaUs. 
f  Aug.        Augustus, 
t  Augm.     Augmentum. 

Aut.         AutumnuSy  AutumncUis. 

B.  Beatus  or  Dejunctus;  used  in  speaking  of  a  person  who 

is  recently  deceased,  and  is  equivalent  to  our  Eng- 
lish word  "  late." 

Br.  Bractea. 

Cal.  Calyx. 

Cald.        CaJdarium, 
f  Camp.      CampuSj  Campestris, 
f  Carpell.    Carpellwn. 
f  Carpid.     Carpidium, 
f  Carpol.     Carpologia. 

Cel.  Celeberrimus. 

Char.        CAar€u:ier,  Characteristicus. 
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CI.  Clarissimusy  Classis. 

f  Coll.  Collis,  Collinus,  Collectanea. 

Cor.  Corollaj  CoroUaritan, 

t  Cot  Cotyledon, 

Cult  CuUuSy  CuUura. 

Dec.  December^  Decasy  Decandria. 

Desc.  Descriptio. 

f  Des.  Desideraiur, 

Diff.  Differentia. 

f  Diss.  Dissepimentwny  Dissertatio. 

f  DuDq.  Dumetum, 

Ed.  Editio,  EdUor,  EduUs. 

t  ExcL  Exclusio. 

Embr.  Embryo. 

Ess.  EssenticUis. 

Fam.  Familia. 

Feb.  Februarius. 

Fil.  Filamenttim. 

Fl.  Ffo»,  Flumeny  Floret,  Floralis. 

Fol.  Folium. 

Ft.  Fructus, 

Fructif.  Fructi/icaHo. 

t  Fun.  Funiculus  umbiUcalis. 

Gren.  G^tttf,  Genericus. 

Germ.  Germen. 

t  Glar.  Glareosus. 

H.  HerbariuMy  Habitat. 

Hab.  Habitaij  Habeo. 

Herb.  fferbariumy  Herba. 

f  Hexap.  Hexapodium. 

Hort  Hortus. 

t  Hortul.  HortulanuSf  ffortulanorumj  Horiuhu. 

t  Hosp.  Hospesy  Hospitator, 

t  Hum.  Humidusy  Humus. 

Ic.  /oon,  6.  bona,  m.  mala.  />.  picta.  ^  lignea,  ra.  nigra. 

lU.  Hlustratioy  Hlustris. 

Inil.  Infiorescentia, 

t  Ind.  InedituSy  Inedulis, 

Ind.  Indicusy  Indiay  a.  australis,  or.  orientalls,  occ.  occident- 
alism Index. 

Inf.  Inferus. 

f  Inund.  Inundatus. 
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Jan. 

Januarius, 

Jul. 

Julius. 

Jun. 

Junius^  Junior. 

f  Juv. 

JuveniSf  Juvenius. 

I.at. 

Laiusy  LaiitudOf  IjOteralis. 

f  Lin. 

Linetty  Linearis. 

Lit. 

Liienu 

t  Litt. 

LiUuSy  LiUeraUs. 

Long. 

Longusj  Longitudo. 

L.  c 

Loco  citato. 

f  Loc. 

Loculamenhrniy  Locusia. 

t  Maj. 

Mentis. 

t  Mar. 

Marty  Mannus. 

t  Mat 

MatuHnusy  Maturus. 

Mart. 

MarHus. 

Mont. 

Moniesy  Monianus. 

M88. 

Manuscnpium. 

f  Mus. 

Museum, 

tN. 

Numerus. 

Nat 

NaturaUs. 

f  Nem. 

Nemusy  Nemorosus. 

No. 

Numero. 

Nom. 

Nomenygen.  genericum,  triv.  triviale,  s.  specificuni, 

barb,  barbarum,  kg.  legale,  syn.  synonymum. 

Oct 

Odobris. 

Obs. 

ObsertfoUoy  Observandum. 

t  Or. 

Origo,  OriginartuMy  OrienSy  Orieniak. 

Ord. 

.^Ordoy  Ordinarium. 

Ov. 

Ovarium, 

P. 

Paginoy  Pars. 

t  M. 

PaiudeSy  Paludosus. 

Ped. 

Peduneulus. 

Peric 

Pericarpium. 

Perig. 

Perigomum. 

Pet 

PeUdumy  PeHolus. 

t  Phyll. 

PkyUumy  PhyUodium. 

Pist 

PisHUum. 

t  Pom. 

Pomeridumumy  Pomum. 

Plac. 

Phcenia. 

Poll. 

PoUsHy  PoUicaris. 

t  Pr.  V. 

Primo  vert. 

Rad. 

Radixy  Radiusy  Radialus. 
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Ram.  RamuSy  Rameusy  Ramosus. 

t  Rec.  Receptaculumy  Becapitulatio. 

S.  SeUy  Sive. 

Sep.  Sepalunh  Sepes. 

f  SaJt.  SaUuSy  SaUuarium, 

Sect.  Sectio  v.  JDivisio. 

t  Segm.  Segmentum. 

Sept.  SepiembeTy  Sqttum, 

t  Ser.  Series, 

Seta*  Setneny  Semis, 

Sice.  Siccum, 

Stain.  Stameny  Stamineum, 

Stigni.  Stigfna, 

Stip.  StipeSy  Stipukiy  Stipularis. 

Sp.  SpecieSy  Specificus, 

Spent.  Spontaneus, 

t  Spor.  SporuUu 

f  Sporang.  I^fxmxngium, 

Styl.  iSi^/tt^. 

Subd.  Subdivisio. 

Subv.  Subvarieias, 

Sup.  Superus. 

t  Sylv.  Sylvestrisy  Sylva, 

Syn.  Synanymumy  SynopsiSy  Synodus, 

T.  7b5ti/a,  Tamus, 

f  Tep.  Tepidarium, 

f  Temp.  Tbnpecftw,  7^em/»era^t«r0. 

Trib.  TribuSy  Divisio, 

t  Triv.  Trivialis. 

t  Turf.  7\<ir^&Mi«. 

V.  Volumeny  Vidcy  VeU  Vtdgo. 

Var.  Fon^ftw. 

f  Vern.  VemaUsy  Vemaculum, 

f  Vert.  F5?rtea:,  Vertkalis, 

V.  8.  c.  Ft^t  ncoom  cukam, 

V.  8.  8.  Ftcft  MTcom  jpoit/ayieom. 

V.  V.  c.  Fu/t  mvam  cttltam, 

V.  V.  8.  Fieft  vn^am  spontaneam. 

Veg.  Fe^«to6ti^  Fia^eftifto. 

t  Vir.  Viridariumy  Fire*,  Viridis, 

+  Ve8c.  Feiooy  FeMarttim. 

t  Vise.  Fffoonif,  Viscasitas, 

\  Volv.  Volv€iy  Volvaceus. 
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The  following  excellent  Table  of  Abbreviations  was  con- 
trived by  the  late  Mr.  Ferdinand  Bauer,  to  express  all  the 
subjects  for  which  illustrations  are  required  in  botanical 
drawings.  It  is  much  to  be  regretted  that  these  abbrevia- 
tions, which  are  in  every  way  unexceptionable,  are  not  uni- 
versally adopted  for  references  to  plates :  they  would  not  only 
form  a  common  means  of  comparison  between  the  figures  of 
different  authors,  but  would  also  keep  continually  within  the 
view  of  artists  the  nature  of  the  subjects  they  are  employed 
to  analyse.  It  may  be  added  that  the  Table,  if  considered 
without  reference  to  the  abbreviations,  is  in  itself  an  excellent 
sketch  of  the  principal  modes,  degrees,  and  analogies  of  the 
regular  morphosis,  or  developement,  of  fructification.  When 
the  letters  used  are  capitals,  tliey  indicate  that  the  object  is 
magnified ;  when  small,  that  it  is  of  the  natural  size ;  when 
with  a  score  ( — )  drawn  beneath  them,  that  it  is  less  than  the 
natural  size. 

a.  A  flower  before  expansion, 
a  1.       A  flower  expanded. 

b.  The  operculum  of  a  flower ;  generally  formed  by  the  con- 

fluence of  the  calyx  and  corolla. 

c.  The  perianthium ;   the  floral  integument  of  monocotyle- 

donous  plants,  and  the  generally  simple  one  of  dicoty- 
ledones.     (Corolla  of  Linnaeus ;  calyx  of  Jussieu.) 

c  I.  External  leaflets  of  the  perianthium ;  having  generally  the 
nature  of  a  calyx.     (Calyx  of  Linnaeus.) 

c  2.  Internal  leaflets  of  the  perianthium,  except  c  3.  and  c  4. ; 
having  usually  the  texture  of  petals.  (Corolla  of  Lin- 
naeus.) 

c  3.      The  labellum,  or  its  appendages.     In  Orchideae. 

c  4.  The  hypogynous  scales  of  grasses.  (Nectarium  of  Lin- 
naeus.) 

c  4.      Appendages  of  the  perianthium. 

d.  The  calyx. 

e.  A  monopetalous  corolla, 
e  L      Petals. 

e  2.  Appendages  of  the  corolla.  (Nectarium  of  Linnaeus:  pa- 
rapetala  of  Ehrhart.) 

f.  The  discus,  whether  hypogjmous  or  epigynous. 

f  1.       Scales  or  glands,  whether  h3rpog3mou8  or  epigynous. 
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g.  Sexual  organs  combined  in  a  column ;  in  Orchideae  and 
Stylides. 

g  1.  Sexual  organs  separate;  the  floral  envelopes  being  re- 
moved. 

h.  The  stamens. 

h  1.      An  anther. 

h  2.       Pollen. 

h  3.      Pollen  masses;  in  Orchideae  and  Asclepiadese. 

h  4.      Sterile  stamens. 

h  5.  The  corona  of  a  tube  of  stamens;  in  Asclepiadeas.  (Nec- 
tarium  of  Linnaeus.) 

i.  The  pistil. 

i  1.       The  ovarium. 

i  2.       The  stigma. 

i  3.  The  indusium  of  the  stigma ;  in  Goodenoviae  and  Bruno- 
niaceae. 

i  4.       An  ovulum. 

1.  A  compound  fruit ;  common  to  several  flowers. 

1  I.       Several  distinct  pericarpia;  belonging  to  a  single  flower. 

m.  Induviae ;  the  remains  of  the  flower,  which  either  in- 
crease the  fruit  in  size,  or  surmount  it,  or  are  adherent 
to  it. 

m  1.     Pappus. 

m  2.     The  calyptra  of  mosses. 

n.  The  pericarpium ;  comprehending  all  its  species,  from  the 
simple  caryopsis  of  grasses. 

n  I.      Pericarpium  open. 

n  2.      A  dissepiment. 

n  3.     Valves. 

n  4.     An  operculum. 

n  5.      The  peristomum  of  mosses. 

n  6.     The  placenta.    (Receptacle  of  the  seeds  of  Gaertner.) 

n  7.     Funiculus  umbilicalis. 

n  8.     The  strophiola,  or  Caruncula  umbilicalis. 

n  9.      Arillus. 

o.         The  seed. 

o  1.      Wing  of  the  seed. 

o  2.     Coma  of  the  seed ;  in  Asclepiadeae  and  Epilobium. 

o  3.     Integument  of  the  seed. 

o  4.      Albumen.     (Perlsperm  of  Jussieu ;  Endosperm  of  Riehard.) 

o  5.     Vi  tell  us ;  in  Scitamineae  and  Nymphaea. 

p.        Tlie  embryo. 
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p  1.     Cotyledon. 

p  2.      Flumala. 

p  S.     Kadide. 

q.         A  leaf. 

q  1.     The  petiole. 

q  2.      A  stipda. 

r.         Portion  of  the  stem  or  scape. 

s.  InBorescence ;  comprehending  all  the  species  except  the 

two  following,  s  1.  and  2. 

si.  A  compound  flower, 

s  2.  The  locusta   of  a  grass  (either  one-flowered  or  manj- 

flowered). 

t.  The  inyolucrum  of  an  umbel,  or  a  head. 

t  1 .  The  involucrum  cX  a  compound  flower.    (Caljrx  communis 

of  Linnsras.) 

t  2.  Glume  of  grasses.    (Calyx  of  Linnsus.) 

t  S.  Outer  calyx  of  Malvaces,  Dipsaceae,  Brunonis. 

t  4.  Involucrum  of  ferns.    (Indusium  of  Swartz.)  t 

1 5.  Bracteae. 

1 6.  Scales  of  a  catkin. 

1 7.  Palea?. 

t  8.     The  paraphyses  of  mosses. 

t  9.     The  calyptra,  when  formed  of  connate  bractee. 

u.        Receptacle  of  a  single  flower. 

u  1.     Common  receptacle  either  of  a  compound  flower,  a  catkin, 

or  a  head. 
*         Placed  under  one  of  the  above  (thus,  ',*),  shows  that  a  part 

is  expanded,  or  opened,  by  force, 
f  Indicates  a  vertical  section  (used  thus,     )• 

Indicates  a  transverse  section  (used  thus,  *...*). 
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BOOK   IV, 

PHTT06RAPHY  ;  OR,    OF   THE   RULES   TO   BE    OBSERVED 
IN    DESCRIBING    AND    NAMING   PLANTS. 


I  NOW  proceed  to  investigate  the  principles  upon  which  plants 
are  described  and  named.  It  would  be  impossible  for  any 
person  to  recognise  a  plant  discovered  by  another,  unless  such 
a  description  of  it  were  put  upon  record  as  should  express  all 
its  essential  features ;  and  unless  it  were,  at  the  same  time, 
furnished  with  a  distinctive  name,  it  could  never  be  subse- 
quently spoken  of  intelligibly.  For  these  reasons,  the  mode 
of  describing  and  naming  plants  is  one  of  the  most  important 
practical  subjects  in  the  science. 

It  may  appear,  at  first  sight,  extremely  easy  to  describe  a 
plant,  and  we  constantly  find  travellers  and  others  attempting 
to  do  so  in  vulgar  language;  but  their  accounts  are  always 
so  vague,  that  no  distinct  idea  can  be  formed  of  the  subject 
of  their  descriptions,  which  remains  an  enigma  until  some 
botanist,  following  their  steps,  shall  happen  to  be  able  to  put 
its  characters  into  scientific  language. 

The  great  object  of  descriptions  in  Natural  History  is  to 
enable  any  person  to  recognise  a  known  species  afler  its  sta- 
tion has  been  discovered  in  a  classification ;  and  also  to  put 
those  who  have  not  had  the  opportunity  of  examining  a  plant 
themselves  into  possession  of  all  the  facts  necessary  to  acquire 
a  just  notion  of  its  structure  and  affinities. 

There  are  two  means  of  effecting  this  object;  the  one  by 
means  of  detailed  descriptions,  the  other  by  the  aid  of  briefer 
abstracts  of  the  most  essential  characters  only. 

P  p 
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CHAPTER  I. 
OF  diagnoses;  or,  of  generic  and  sfecific  characters. 

We  have  seen  that  plants  are  distinguished  from  each  other 
by  their  characters :  of  the  application  of  these  characters  we 
must  now  speak.  Were  each  species  to  be  characterised 
independently  of  other  species,  and  to  be  described  with  all 
the  minute  circumstances  of  structure  that  belong  to  it,  the 
progress  of  ivestigation  would  be  too  slow,  and  the  length 
of  time  requisite  to  acquire  information  much  too  great : — for 
this  reason,  the  process  of  enquiry  has  been  simplified,  by 
collecting  in  groups  all  those  species  which  have  certain  great 
characters  in  common,  and  abstracting  those  characters,  which 
then  become  the  distinctions  of  classes :  the  species  of  a  class 
are  again  collected  into  other  groups,  agreeing  in  some  other 
common  peculiarities,  which  are  in  like  manner  abstracted, 
and  form  the  characters  of  orders.  Thus  reduced  in  extent, 
the  species  of  each  order  are  submitted  to  the  same  process 
of  combination ;  the  characters  by  which  they  are  combined 
become  distinctive  of  genera ;  and  the  species  are,  finally,  left 
shorn  of  the  greatest  part  of  their  characters,  which  are  thus 
reduced  within  a  very  narrow  compass.  Each  plant  has» 
therefore,  four  characters ;  or,  if  sub-classes,  sub-orders,  or 
other  modes  of  division  are  adopted,  as  many  separate  cha- 
racters as  there  may  be  divisions. 

These  characters  are  of  two  sorts ;  the  one  called  essential, 
the  other  differential.  The  former  are  the  most  commonly 
employed  for  orders  and  genera;  the  latter  are  chiefly  used 
in  discriminating  species :  the  former  are  the  most  valuable^ 
and  will  probably,  in  time,  supersede  the  others,  which  convey 
little  information,  and  are  only  useful  in  aiding  us  in  our  aiUK 
lysis  of  large  bodies  of  iq)ec]es :  the  latter  are  often  called 
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definitions ;  but,  as  no  definite  limits  can  be  traced  between 
living  things,  a  strict  definition  in  natural  history  becomes 
impracticable,  for  which  reason  the  term  differential  must  be 
admitted  instead. 

Differential  characters  express,  in  the  least  possible  space^ 
the  distinctions  between  plants :  they  should  contain  nothing 
superfluous,  nor  any  thing  which  can  be  considered  implied 
by  the  contrasted  characters  of  those  with  which  they  are  to 
be  compared.  By  this  means  the  distinctions  of  species  are 
brought  into  the  least  possible  compass ;  and  the  analysis  of 
their  characters  becomes  so  efiectual,  that  a  botanist  is  ex- 
pected to  be  able,  without  difficulty,  to  determine  the  exact 
station  and  name  of  any  one  of  the  100,000,  species  supposed 
to  exist.  Nothing  can  sound  better  than  this ;  but,  imfortu- 
nately,  the  advantages  of  difierential  characters  are  not  quite 
so  great  as  would  appear.  In  sacrificing  every  thing  to 
brevity,  it  is  found  in  practice  that  doubts  and  ambiguities 
are  continually  created ;  and  for  this  especial  reason,  among 
others,  that  difierential  characters  must  necessarily  be  framed 
upon  a  consideration  of  what  we  know,  and  not  with  reference 
to  what  we  do  not  know :  on  this  account,  a  difierential  cha- 
racter, constructed  in  the  most  unexceptionable  manner  by 
one  botanist,  may  be  unintelligible  to  another  who  possesses 
more  knowledge,  or  a  greater  number  of  species.  For  ex- 
ample, when  Linnaeus  framed  the  difierential  character  of 
Rosa  indica,  ^^germinibus  ovatis  pedunculisque  glabris, 
caule  subinermi,  petiolis  aculeatis,"  it  probably  distinguished 
that  species  from  all  others  that  he  knew :  but  our  acquaint- 
ance with  roses  is  so  much  more  extensive  than  that  of  Lin- 
nseus,  that  we  have  many  roses  to  which  his  character  is 
equally  applicable.  A  difierential  character,  moreover,  conveys 
no  information  beyond  that  of  tlie  difierences  between  one 
thing  and  another,  and  can  be  viewed  in  no  other  light  than 
as  a  convenient  method  of  analysis.  For  this  reason,  the 
essential  character  is  more  generally  adopted  at  the  present 
day,  either  to  the  exclusion  of  the  difierential  character,  or  in . 
union  with  it. 

The  essential  character  of  a  plant  expresses,  as  its  name 
implies,  those  peculiarities  which  are  known  by  experience  to 
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be  most  essential  to  it ;  but  admits  nothing  unimportant  or 
superfluous,  or  that  is  common  to  all  the  species  of  the  same 
genus,  or  to  all  the  genera  of  the  same  order,  or  to  all  the 
orders  of  the  same  class.  It  may  be  said  to  comprehend  the 
chief  differences  and  resemblances  of  bodies.  In  drawing  up 
essential  characters,  much  discretion  requires  to  be  exercised : 
they  may  be  over  short,  or  over  long ;  characters  of  import- 
ance may  be  omitted,  and  others  of  no  importance  intro- 
duced. Hence  no  better  evidence  need  be  desired  of  the 
merit  of  a  botanist  than  his  essential  characters, — from  which 
a  practised  eye  will  readily  detect  both  how  much  the  author 
knows,  and  what  he  does  not  know.  As  models  of  the  man- 
ner in  which  these  should  be  drawn  up,  no  book  can  be 
consulted  with  more  advantage  than  the  Genera  Plantarvm 
of  Jussieu,  in  which  classical  elegance  of  language,  and  as 
much  rigid  botanical  precision  as  was  supposed  necessary  at 
the  time  the  work  was  written,  are  combined  in  a  manner  that 
has  seldom  been  surpassed.  The  defects  of  that  work  were 
inseparable  from  the  state  of  botany  at  the  time  it  appeared ; 
the  characters  of  the  genera  and  orders  not  embracing  all 
those  points  of  structure  which  are  now  known  to  be  essential. 

The  following  character,  assigned  by  Brown  to  the  order 
Proteace^  {Prodr.  Fl.  N.  HolL  p.  363.),  may  be  taken  as  a 
specimen  of  the  manner  in  which  an  essential  character  of  the 
briefest  kind  ought  to  be  constructed :  — 

"  Perianthium  tetraphyllum  v.  quadrifidum,  aestivatione 
valvata.  Stamina  quatuor  (altero  nunc  sterili),  foliolis  peri- 
anthii  opposita.  Ovarium  unicum,  liberum.  Stylus  simplex. 
Stigma  subindi visum.  Semen  (pericarpii  varii)  exalbumino- 
sum.  Embryo  dicotyledoneus  (quandoque  polycotyledoneus), 
rectus.     Radicula  infera." 

In  this  character  enough  is  expressed  to  distinguish  the 
order  from  all  others ;  and,  at  the  same  time,  by  a  careful 
suppression  of  all  superfluous  terms,  it  is  reduced  within 
exceedingly  narrow  limits.  Such  a  character  as  this  leaves 
nothing  to  be  desired,  when  the  essence  only  of  a  mass  of 
characters  is  the  object  in  view. 

The  following,  from  the  same  author,  is  a  specimen  of  an 
essential  character  of  Acanthaceje,  of  a  more  extended 
kind:-— 
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"  Calyx  5-— 4 — divisus,  partitus  v.  tubiilosus,  sequalis  v.  in- 
aequalis ;  rar6  multifidus  v.  integer  et  obsoletus :  persistens. 
Corolla  monopetala,  hypogyna,  staminifera,  plerumque  irre- 
gularis ;  limbo  ringente  v.  bilabiato,  rar6  unilabiato ;  nunc 
subsequalis;  decidua.  Stamina  saepius  duo,  antherifera) 
modo  4  didynama,  brevioribus  quandoque  effoetis.  Anther<B 
V.  biloculares,  loculis  insertione  insequalibus  sequalibusve ; 
V.  uniloculares ;  longitudinaliter  dehiscentes.  Ovarium  disco 
glanduloso  basi  cinctuni,  biloculare  loculis  2  polyspermis. 
Stylus  1.  Stigma  bilobum,  raro  indi visum.  Capsvla  bilocularis, 
loculis  2  polyspermis,  abortione  quandoque  monospermis, 
elastice  bivalvis.  Dissepimentum  contrarium,  per  axin  (medio 
quandoque  apertam)  bipartibile,  segmentis  valvulis  adnatis 
modo  ab  iisdem  elastic^  dissilientibus,  integris  v.  rar6  spont^ 
bipartibilibus  ;  margine  interiore  seminiferis.  Semina  proces- 
subus  subulatis  adscendentibus  dissepimend  plerumque  sub- 
tensa,  subrotunda:  Testa  laxa.  Albumen  nullum.  Embryo 
curvatus  v.  rectus;  Cotyledones  magnse,  suborbiculatas : 
Madicula  teres,  descendens,  et  simul  centripeta,  curvata  v. 

recta ;    Plumula   inconspicua .      Herbce  v.  Frutices,  intra 

tropicos  praecipufe  provenientes ;  pube,  dum  adsit,  simplici, 
nunc  capitata,  rarissime  stellate.  Folia  opposita,  rar& 
quatema,  exstipulata,  simplicia,  indivisa,  integra  v.  serrata; 
raro  sinuata  v.  sublobata.  Inflorescentia  terminalis  v.  axillaris, 
spicata,  racemosa,  fasciculata,  paniculata  v.  solitaria.  Flores 
in  spicis  saepius  oppositi,  nunc  altemi,  tribracteati,  bracteis 
lateralibus  raro  deficiendbus,  quandoque  magnis  foliaceis 
calycem  nanum,  interdum  obsoletum,  includentibus." 

In  this  instance  a  much  greater  number  of  particulars  is 
introduced  than  in  the  former;  but  still  it  comprehends 
nothing  like  all  the  characters  that  would  be  included  in  a 
general  description. 

The  following  is  also  a  specimen  of  a  generic  and  specific 
character,  from  the  same  author.  It  shows  the  plan  upon 
which  the  essential  characters  of  genera  should  be  constructed : 

"  Veronica  i.,  Juss. 
"  Hebe  Juss. 
^^  Calyx    4-partitus,  rar6    5-pardtus.      Corolla  subrotata ; 
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Tubus  calyce  brevior;    lAmbus  4-partitu8,  insequalis,  lobis 
indivisis.     Stamina  %   antherifera,    sterilia  nulla.      Capsula 

valvis  medio  septiferis  v.  bipartibilis .  Herbae  v,  Frutices. 

Folia  oppogita,  quandoque  verticiUata^  v.  aUema,  scBpe  dentata 
V.  incisa,     Inflorescentia  varia.     Calyces  ebracteati, 

*^§  \,  Capsula  bipartibilis. 

*^  I,  V.  Jbrmosaj  fniticosa,  foliis  perennandbus  decussatis 
lanceolatis  integerrimis  glaberrimis  basi  acutis,  ramis  bifariam 
pilosiuseulisy  corymbis  axillaribus  paucifloris."  {Prodr.  434.) 

In  these  characters  it  is  difficult  to  say  which  is  most  to  be 
admired,  —  the  skill  with  which  every  thing  superfluous  is  re- 
trenched, or  the  ingenuity  with  which  every  thing  essential  is 
introduced.  Nothing  that  is  general  to  the  order  is  intro- 
duced into  the  generic  character;  and  nothing  that  the  generic 
character  comprehends  is  discoverable  in  the  specific.  By 
making  the  peculiarity  of  Capsula  bipartibilis  the  distinction 
of  a  section,  the  necessity  of  introducing  that  circumstance 
into  the  specific  characters  of  any  of  the  species  compre- 
hended in  the  section  is  avoided. 

Compare  with  this  the  following  generic  and  specific  cha- 
racters taken  from  Labillardiere's  Sertum  Austro-Caledoni- 
cum:  — 

"Microsemma;  a  genus  of  Ternstromiaceae  (?).  Calyx 
5-phyllus,  rar^  6-phyllus,  persistens,  foliolis  tribus  interiori- 
bus.  Coromda  petaloidea,  petalis  10 —  12  distinctis.  Stamina 
numerosa  (30  circiter),  hypogina,  filamentis  inter  se  basi 
subconnatis,  antheris  bilocularibus  reniformibus.  Germen 
globulosum,  superum,  stylo  simplici,  stigmate  5~6-fido.  Cap^ 
«2£2aovata,  10 — 12 — locularis,  valvis  medio  septiferis,  10 — 12 
"— « valvis.  Semina  solitaria,  in  summo  valvularum  intiis  affixa, 
perispermo  camoso,  radiculd  supers."  (P.  58.) 

Upon  this  character  it  may  be  observed,  that  the  calyx  is 
described  awkwardly,  and  at  a  greater  expense  of  words  than 
is  necessary :  if  he  had  said,  calyx  5-6-phyllus  imbricatus, 
the  same  idea  would  have  been  expressed :  rare  should  be  rar6. 
In  the  next  place,  *^  coronula  petaloidea"  is  a  bad  term,  con- 
veying no  precise  notion  of  the  organ  it  is  intended  to  de- 
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signate.  What  is  a  coronula  ?  If  it  is  a  row  of  petals,  why 
call  it  otherwise?  And  it  appears  to  be  so,  because  it  is  imme- 
diately afterwards  described  as  consisting  of  10 — 12  distinct 
petals.  In  the  next  sentence,  hypogina  is  misspelt;  and  the 
anthers  are  said  to  be  bilocular  and  reniform,  a  character  by 
no  means  essential ;  while  their  being  covered  with  glandular 
dots,  and  the  mode  of  their  attachment  to  the  filament,  both 
of  which  should  have  been  introduced,  are  omitted.  Again,  the 
germen,  meaning  the  ovary,  is  said  to  be  globulose :  what  is 
globulose  ?  Is  it  bullet-shaped,  or  round  and  small  ?  If  the 
former,  the  term  is  inapplicable ;  if  the  latter,  the  meaning 
is  not  expressed :  it  probably  was  intended  for  '<  subglobose/' 
The  capsule  is  said  to  be  ovate,  a  quality  of  no  consequence  if 
it  existed;  but  not  true,  inasmuch  as  it  appears  from  the  figure 
to  be  round.  The  construction  of  what  follows  is  what  we 
call  in  English  putting  the  cart  before  the  horse :  instead  of 
"  valvis  medio  septiferis  10 — 12  valvis,"  it  should  have  been, 
"  10 — 12  valvis,  valvis  medio  septiferis ;"  and  all  that  is  said 
about  the  attachment  of  the  seeds  might  have  been  better 
expressed  by  two  words,  ^^  semina  pendula."  It  is  said  that 
they  are  attached  to  the  top  of  the  valves,  in  the  inside :  did 
any  one  ever  hear  of  seeds  being  attached  to  the  outside? 
Let  the  character  be  properly  cut  down,  and  see  what  remains 
of  it. 

MiCROSEMMA. 

"  Sepala  5 — 6,  imbricata,  persistentia.  Petala  1 0 — 1 2.  Stamina 
numerosa,  hypogyna,  submonadelpha :  antheris  bilocularibus. 
Ovarium  superum ;  stylus  simplex ;  stiffmata  5 — 6.  Capsula 
10-12-locularis,  valvis  totidem  loculicidis;  semina  solitaria 
pendula ;  albumen  carnosum ;  radicula  supera." 

But  it  is  not  in  inaccuracy  of  language  alone,  or  in  the 
misplacing  the  members  of  a  sentence,  that  an  essential 
character  may  be  defective :  it  may  be  expressed  with  a  good 
selection  of  terms,  and  a  due  attention  to  arrangement;  but  the 
terms  may  be  wrongly  applied,  or  important  characters  may 
be  omitted,  or  the  author  may  not  understand  the  structure 
of  what  he  is  describing.  Take,  as  an  instance,  the  following 
cliaracter  of  Carex,  by  the  late  Sir  James  Smith :  — 
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"  Barren  Jlawers  numerous,  aggregate,  in  one,  or  more, 
oblong,  dense  catkins  ;  their  scales  imbricated  every  way.  Caiyx 
a  single,  lanceolate,  undivided,  permanent  scale  to  each  floret. 
Corolla  none.  Filaments  3,  rarely  fewer,  capillary,  erect  or 
drooping,  longer  than  the  scales.  Anthers  vertical,  long, 
linear,  of  2  cells. 

"  Fertile  flowers  numerous,  in  the  same,  or  more  usually  in 
a  different,  catkin^  very  rarely  on  a  separate  plant  Calyx  as 
in  the  barren  flower.  Corolla  a  single,  hollow,  compressed, 
ribbed,  often  angular,  permanent  glume  to  each  floret;  con- 
tracted, mostly  cloven,  and  often  elongated  at  the  extremity. 
Germen  superior,  roundish;  with  three,  rarely  but  two,  angles, 
very  smooth.  Style  one,  terminal,  cylindrical,  short.  Stigmas 
three,  more  rarely  two  only,  awl-shaped,  long,  tapering,  downy, 
deciduous.  Seed  the  shape  of  the  germen,  with  imequal 
angles,  loosely  coated  with  the  enlarged,  either  hardened  or 
membranous,  permanent  corolla,  both  together  constituting 
the  fruit." 

This  character  is  carefully  written,  but  full  of  inaccurate 
and  confused  applications  of  terms.  The  term  catkin  should 
be  spike ;  for  a  catkin  is  deciduous,  a  spike  persistent :  and 
the  inflorescence  in  Carex  is  of  the  latter  kind.  In  the  next 
place,  what  is  called  the  calyx  is  a  bract.  What  is  called  the 
corolla  of  the  fertile  flowers  is  two  confluent  bracts;  and, 
therefore,  not  a  single  glume,  but  a  double  one.  Finally, 
what  is  called  the  seed  is  the  pericarp :  in  the  young  state 
it  is  called  the  germen,  which  is  equivalent  to  ovary;  but, 
by  the  time  the  ovary  is  ripe,  it  is  metamorphosed  into  a 
seed. 

Inaccuracies  of  this  kind  not  only  disfigure  botanical  writ- 
ings, but  very  often  lead  the  inexperienced  botanist  into  errors 
and  misconceptions. 

In  constructing  essential  and  differential  characters,  it  is 
customary  to  use  the  nominative  case  for  genera  and  orders, 
and  the  ablative  for  species ;  but  in  English  the  nominative 
only  is  employed  in  both  cases. 
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CHAPTER  II. 

OF    DESCRIPTIONS. 

We  have  seen  that  the  principal  characters  of  a  plant  can 
be  comprehended  in  the  essential  and  differential  charac** 
ters.  But,  as  these  contain  only  such  peculiarities  as  are 
supposed  to  be  most  essential,  a  great  number  of  circumstances 
are  omitted  from  them  which,  in  the  view  of  the  botanist 
drawing  them  up,  may  appear  unessential,  but  which  to 
another  may  seem  of  the  first  importance.  On  this  account, 
a  plant  cannot  be  considered  completely  known  until  a  full 
description  of  every  part  shall  have  been  obtained.  In  this 
description  every  circumstance  connected  with  the  external  or 
internal  organisation  should  be  included,  and  a  full  state- 
ment made  of  all  the  peculiarities  of  every  part,  however 
obscure  or  difficult  to  observe.  It  is  upon  descriptions 
ot  this  kind  that  systematic  botany  is  based.  Essential  and 
differential  characters  are  only  relative  to  the  degree  of  know- 
ledge of  the  person  who  prepares  them :  a  description  is  in- 
dependent of  all  relative  knowledge ;  it  exhibits  a  plant  as  it 
actually  is,  without  reference  to  its  resemblances  or  differences. 
The  former  are  adapted  to  the  state  of  knowledge  of  a  parti- 
cular era ;  the  latter,  if  complete,  to  that  of  all  eras. 

Notwitlistanding  their  importance,  descriptions  of  this  kind 
are  very  rare :  they  occupy  too  much  space  in  books  to  be 
inserted  conveniently ;  they  are  difficult  to  draw  up ;  and  it 
seldom  happens  that  an  observer  has  the  means  of  describing 
every  part  of  a  plant :  the  root,  or  the  fruit,  or  the  flower,  or 
some  other  part,  is  probably  not  to  be  procured ;  and  this 
renders  a  description,  even  in  the  best  hands,  necessarily 
imperfect 

In  drawing  up  a  description,  care  must  be  taken  that  every 
term  is  used  in  its  strict  sense ;  that  all  is  perspicuous  and  free 
from  ambiguity ;  and  that  the  different  parts  are  described  in 
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their  just  order,  beginning  with  the  root,  and  ending  with  the 
fruit.  The  following  is  the  form  in  which  a  perfect  descrip- 
tion would  be  prepared :  it  shows  the  order  in  which  the  dif- 
ferent parts  are  spoken  of,  and  the  points  of  structure  to 
which  it  is  desirable  to  advert.  The  student  will  do  well  to 
consult  it  carefully :  he  should  take  common  plants,  the  de- 
scriptions of  which  he  can  find  in  books,  and,  for  the  sake  of 
exercise,  describe  them  himself  according  to  this  form ;  com- 
paring them  afterwards  with  the  printed  descriptions  of 
botanists.  A  number  of  the  points  which  I  think  it  necessary 
to  describe  are  usually  overlooked  by  others,  as  unimportant, 
or  as  too  difficult  to  ascertain :  tliese  I  have  marked  with 
an  asterisk ;  so  that  those  points  which  are  commonly  ad- 
verted to  may  be  distinguished  from  those  that  are  usually 
omitted :  — 

Root,  Its  figure,  quality,  substance,  duration,  and  *  ana- 
tomical internal  analysis. 

Stem.  Its  figure,  direction,  duration,  articulation,  ramifica- 
tion, size,  surface,  and  *  internal  analysis. 

Leaves.  Their  *  vernation,  *  internal  structure,  figure, 
articulation,  insertion,  margin,  surface,  venation,  direction, 
colour,  texture,  and  size. 

Petiole.  Its  form,  surface,  and  the  proportion  it  bears  to 
the  leaf. 

StipulcB.  Their  position,  texture,  surface,  insertion,  dura- 
tion, figure,  and  proportion  to  the  petiole. 

In/hrescence.  Its  nature,  order  of  developement,  ramifica- 
tion, position,  and  proportion  to  the  leaves. 

BractccB.  Their  nimibers,  figure,  station,  proportion  to  the 
adjacent  parts,  surface,  texture,  ♦  venation. 

Flowers.     Their  order  and  time  of  expansion. 

Calyx.  Its  structure,  figure,  station  with  respect  to  the 
ovary  and  the  axis  of  inflorescence,  surface,  aestivation,  odour, 
size,  proportion  to  the  corolla,  colour,  and  venation. 

Corolla.  Its  structure,  figure,  station  with  respect  to  the 
ovary  and  axis  of  inflorescence  and  adjacent  parts,  sur- 
face, aestivation,  size,  colour,  proportion  to  the  calyx  and 
stamens,  and  venation. 

Stamens.    Their  number,  direction,  aestivation,  statioa  with 


CHAP.  II.  OF    DESCRlfTIONS.  443 

respect  to  the  petals,  insertion,  proportion  to  the  ovarium  and 
corolla;  whether  separate,  or  combined  in  several  parcels; 
whether  in  one  series  or  several,  of  equal  or  unequal  length. 
Filaments^  their  form,  length,  and  surface.  Anthers^  their  mode 
of  insertion  on  the  filament;  dehiscence  with  respect  to  the 
axis,  whether  inwards  or  outwards,  and,  with  respect  to 
themselves,  whether  transversely  or  longitudinally,  by  pores, 
or  otherwise;  their  form;  ♦structure  of  the  endothecium; 
surface,  colour,  size ;  the  proportion  they  bear  to  the  size  of 
the  filaments,  the  number  of  their  valves,  the  nature  of  the 
connect!  vum. 

Pollen,  Its  colour,  form,  size,  surface ;  whether  distinct  or 
cohering ;  and  *  mode  of  bursting. 

Dish.     If  present,  its  size,  figure,  texture,  and  station. 

Ovary.  Its  apparent,  as  well  as  theoretical,  structure; 
the  position  of  its  carpels  with  respect  to  the  organs  around 
it;  its  surface;  mode  of  division;  number  of  ribs,  if  any; 
veins;  ceUs.  Ovtdesy  their  number;  insertion  upon  the 
placenta;  position  with  respect  to  the  axis  of  the  ovary; 
the  situation  of  their  foramen.  Styles,  their  number,  length, 
figure,  surface,  direction,  and  proportion.  Stigmas,  their 
number,  form,  and  surface. 

Fruit  Its  texture,  form ;  whether  naked,  or  covered  by  the 
remains  of  the  floral  envelopes ;  whether  sessile  or  stipitate ; 
mode  of  dehiscence,  if  any ;  number  of  its  valves  and  cells;  situ- 
ation of  the  placentae ;  nature  of  its  axis ;  number  of  its  seeds. 

Seed.  Its  position  with  respect  to  the  axis  of  the  fruit, 
mode  of  insertion,  form,  surface ;  the  texture  and  nature  of 
the  testa,  aril,  and  other  appendages,  if  any ;  *  position  of 
the  raphe  and  chalaza.  Albumen,  its  texture,  if  any.  Embryo^ 
its  direction  ;  position  with  respect  to  tlie  axis  of  the  fruit,  to 
the  hilum  of  the  seed,  and  to  die  albumen ;  the  proportion  it 
bears  to  the  mass  of  the  latter ;  the  form  of  its  cotyledons  and 
radicle ;  *  its  mode  of  germination. 

The  medical  and  economical  qualities. 

Its  distribution  on  the  surface  of  the  earth. 

The  points  in  which  it  agrees  or  disagrees  with  other  species. 

Descriptions,  it  must  be  observed,  are  of  two  kindu,  collec- 
tive and  specific:  the  former  explaining  minutely  the  characters 
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common  to  several  species,  as  in  an  order  or  a  genus ;  the 
latter,  the  character  of  one  species  only.  Tlie  difference  be- 
tween these  two,  and  the  manner  of  applying  each  of  them, 
wDl  be  best  understood  by  the  following  examples. 

The  following  mode  of  fully  describing  an  order  is  taken 
from  Adolphe  Brongniart's  excellent  memoir  on  Rham- 
seje:  — 

"  Ccdi/x  monophyllus  4— 5-fidus,  externe  saepius  villosus. 
Tubus  expansus  subplanus,  hemisphaericus,  urceolatus,  cam- 
panulatus  vel  subcylindricus,  liber,  vel  infer! t^s  ovario  adnatus, 
vel  cum  eo  omnino  cohaerens ;  interiiis  nudus,  vel  in  pluribus 
disco  carnoso  aut  fauci  limitato,  aut  in  laciniis  efFuso,  tectus. 
Lacinise  ovatae,  triangulares,  rarids  siibulatae,  acutae,  inter ius 
subcarnosae,  in  pluribus  in  medio  line<^  carnosa  prominente 
notata?,  et  apice  callosae  ;  in  praefloratione  valvatim  applicatae. 

**Petala  cum  calycis  laciniis  alternantia,  ej  usque  fauci  inserta, 
saepius  sub  margine  disci  affixa,  unguiculata,  ungue  plus  mi- 
nusve  longo.  Laminae  rarius  patentes,  plana?,  superius  integrae 
vel  emarginatac,  in  plerisqiie  concavije,  convolutae  vel  cucul- 
latae,  stamina  vel  eorum  filamenta  involventes,  in  pluribus 
nullae.     Praefloratio  complicata. 

*^  Stamina  petalis  opposita.  Filamenta  calycis  fauci  vel 
margin!  disci  inserta,  et  cum  unguibus  petalorum  basi  saepiils 
cohaerentia,  laciniis  calycis  breviora.  Antherce  in  petalis 
cucullatis  reconditae,  vel  ^  petalis  convolutis  exsertae,  parte 
medi&  vel  inferior!  dorsi  ad  apicem  filament!  affixse,  versatiles, 
introrsae  (rarissim^  extrorsae) ;  vel  ovatae,  biloculares,  loculia 
parallel  is,  aut  basi  divergentibus,  rim&  longitudinal!  dehiscen- 
tibus ;  vel  reniformes,  uniloculares  (loculis  superiilis  confluen- 
tibus),  rima  simplici  arcuata  bivalvim  hiantes.  Pollen  siccum 
ellipticum,  sulco  secundum  longitudinem  notatum ;  madefac- 
tum  sphaericum,  laeve,  vel  trimamillosum. 

Discus  formfi  maxime  varians,  in  Colletid  parvus,  fundumque 
tubi  calycis  occupans ;  in  plerisque  tubum  calycis  strato  plus 
minusve  crasso  tegens  ejusque  formam  accipiens  (in  Zizypho^ 
Paliuro^  Ventilagine^  Hovenia,  Colubrina,  subplanus,  penta^ 
gonus,  angulis  ad  insertionem  staminum  emarginatis;  in 
RhamnOf  Sageretioy  ScutiA,  urceolatus  vel  cupulaeformis),  et 
fauci  margine  distincto  limitatus ;  in  aliis  {Betanill&f  Cryp^ 


CHAP.  II.  OF   DESCRIPTIONS.  445 

tandrdy  Phylica^  k  plerisque  auctoribus  ut  disco  destitutis 
descriptis)  super  lacinias  calycis  etiam  efFusus,  ej  usque  super- 
ficiem  interiorem  n  fundo  usque  ad  apicem  laeiniarum  sub- 
stantia carnosa  incrustans;  an  in  quibusdam  nuUus?  (in 
Pomaderri  et  CryptandrtB  speciebus;)  margine  petalis  stamini- 
busque  insertionem  prsebens. 

Ovarium  liberum,  disco  plus  mindsve  immersum,  vel  caly- 
cis tubo  semi-adhferens,  seu  omnin6  adheerens ;  ovatum  vel 
subglobosum,  bi-triloculare,  rarissimc  quadriloculare  (in  qui- 
busdam Rhamnis) ;  loculis  monospermis. 

Ovulum  in  quolibet  loculo  solitarium  erectum  h  fundo 
loculi  natum,  sessile  vel  podospermio  brevi  suffultum.  Podo^ 
spermium^  dum  adest,  ante  evolutionem  floris  angustum,  nee 
foramen  testes  tegens,  ad  anthesin  superius  dilatatum,  et  ut 
cupula  parva  basin  ovuli  foramenque  amplectens,  celluloso- 
spongiosum,  vasibus  raphes  percursum.  Testa  laevis  vel  dorso 
(in  Rhamnia)  suico  profundo  notata,  inferius  prope  hilum 
perforata.  Foramen  in  ovulis  sessilibus  mammillae  albidae  en- 
docarpii  respondens,  in  pedicellatis  cupula  spongiosa  podo- 
spermi  tectum,  nee  ei  adhserens.  Membrana  testae  h  stratis 
tribus  formata,  exterius  cuticulatum  tenuissimum,  medium 
transversa  fibrosum,  testam  seminis  producturum,  interius 
spongiosum,  primum  maximam  partem  ovuli  occupans,  dehinc 
incremento  nuclei  evanescens,  raphes  vasa  continens.  Mem" 
brana  interior  albida,  tenuis,  primum  libera,  deinde  testae 
plus  minusve  adhaerens  (in  P(wia</pm*  semi-adnata,  in  Pfiylicis, 
Rhamnis  aliisque  pluribus  omnino  adnata),  circum  chalazam 
superius  affixa,  inferius  tubulosa,  perforata,  tubulo  in  fora- 
mine  testae  incluso.  Chalaza  superius  notata,  k  duplici  strato 
(ut  in  omnibus  seminibus)  formata;  exterius  vasculosa,  va- 
sorum  raphes  expansioQe  producta,  testae  inserta  ;  interius 
spongiosa,  in  ovulo  semi-evoluto  fuscescens,  nuclei  membrana 
continua.  Nucleus  subcylindricus,  liber,  superius  chalazae 
affixus,  pendulus,  inferius  in  mammilla  brevi,  foramine  inclusa, 
productus ;  interius  lax^  cellulosus,  in  medio  sacculum  amnii 
continens,  i  mammilla  usque  ad  chalazam  extensum,  in  cujus 
cavitate  granula  parva  natant;  prope  mammillam  embryo 
sub  form&  globuli  sphaerici  primum  visus  est 

"  Fructus  subsphsericus,  liber  vel  calyce  adnato  pli^s  minusve 
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tectus;  pericarpium  exterius  carnosum,  drupaceum,  spon- 
giosum Yel  siccum  tenuissimum ;  interius  (endocarpium) 
fibrosum,  durum,  plus  minilsye  crassum ;  aut  lignosiun  inde- 
hiscens,  nucem  2-d-locularem  (seu  abortu  unilocularem),  seu 
nuculas  2  —  3  distinctas  efFormans;  aut  crustaceum  dehiscens, 
capsulam  tricoccam  producens,  coccis  interius  et  inferius  rima 
longitudinali  dehiscentibus. 

*^  Semen  in  quolibet  loculo  solitarium,  erectum,  sessile  vel 
podospermio  breyi  cupulaeformi  sufFultum.  Testa  laevissima, 
fusca,  fibrosa,  Crustacea  vel  membranacea(in  fructibus  lignosisi 
ex.  gr.  Zizyphis)^  raphe  laterali  interius  notata,  vel  raphe  dor- 
saliy  sulco  profundo  exteriori  inclusa  superiusque  testam  per^ 
forante,  praedita  (in  BJiamnis).  Chalaza^  ut  in  ovulo.  Nucleum 
membrana  propria,  libera  vel  testae  subadhserente,  inclusum. 
Endospermium  carnosum,  flavescens,  cellulosum,  lateribus 
embryonis  applicatum.  Embryo  magnus,  semini  subcon- 
formis,  sed  magis  compressus,  flavescens  vel  virescens,  cotyle- 
donibus  planis  applicatis,  carnosis ;  radicula  brevi  infera. 

*'  Arbores,  frutices  vel  sufFrutices,  ramulis  in  pluribus  spine- 
scentibus.  Folia  simplidaj  altema^  subopposita^  vel  rariiis  exacte 
apposita  (in  CoUetiis),  penninervia  vel  triplinervioj  sparsa  vel 
subdisticluij  basi  scepitts  bistipulata^  stipulis  parvisj  caducis  vel 
spinescentibus  et  persistentibus  (in  Zizj'phis,  Paliuro).  Flores 
cLxillares^  solitarii^  fasciculati^  umbeHati^  vel  cymosij  rariiis 
spicati^  in  spicis  simplicibus  vel  interruptis  (ramulis  nudis)^ 
glomerattm  dispositi  (in  Sageretia,  Gouania,  Ventilagine),  in 
quibusdam  pcmiculas  terminates  efformantes  (in  Ceanotho,  Ber- 
chen>ia,  Pomaderri),  vel  ghmerati  seu  capitati  (in  Cryptandra, 
PhyUca,  &c.)" 

As  an  instance  of  a  somewhat  different  mode  of  describing 
an  order,  the  following  natural  character  of  Amarantacea,  by 
the  learned  Dr.  Von  Martins,  may  be  studied  with  advantage : 
it  exhibits  the  manner  in  which  characters  are  valued  by  the 
Botanists  of  Germany  :  — 

*'  Flores  hermaphroditi,  raro  diclines :  dioici  aut  abortu 
polygamo-monoici,  aut  singuli  aut  nonnulliglomeratibracteatL 
Perianthium  hypogynum,  liberum,  persistensy  duplexy  utrumque 
compagine  simile,  exterius  (calyx)  diphyllum,  nunc  deficiens 
(evanescens) ;  interius  (corolla)  pentaphyllum^petalis  distinctis 
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aut  rar6  connatis ;  rarissim^  triphyllum.  Stamina  hypogyna, 
quina,  aut  quinario  numero  dupla  aut  multipla,  raro  pauciora, 
ultra  quinque  vix  fertilia,  uniserialia,  nunc  distincta,  nunc 
monaddpha,  in  cupulam  aut  in  tubtan  connata;  JilamentiB 
fertilibiis  petalis  oppositis ;  antheris  medio  dorso  affixis,  nunc 
didymis  bilocularibus,  nunc  unilocularibus,  longitudinaliter 
medio  antice  dehiscentibus,  polline  globoso,  minuto,  creber- 
rimo.  Pistillum  unicum.  Ovarium  simplex,  mono  aut  oligo- 
spermum,  ovulis  funiculo  centrali  libero  appensis.  Stylus 
unicus  vel  nullus,  ex  ovario  transiens  s.  continuus,  et  in  utri- 
culo  (plerumque)  persistens.  Stigma  simplex  vel  multiplex^ 
Pericarpium:  Utriculus  membranaceus,  evalvis  et  irregulariter 
dehiscens,  aut  eircumscissus  mono  aut  oligospermus.  Semina 
lentiformia,  subglobosa  v.  elliptica,  ad  hilum  emarginata,  ver- 
ticaliter  appensa;  testa  Crustacea,  membrana  interna  tenui. 
Albumen  centrale,  farinaceum.  Embryo  periphericus,  arcuatus; 
cotyledonibus  plano-convexis  incumbentibus ;  plumvla  incon- 
spicua;  radiada  umbilicum  spectante. 

^^  HerbtB  aut  suffruiices  ramosae  vel  ramosissimae,  caule  tere- 
tiusculo,  rarius  angulato,  humiles  aut  difiuso-incumbentes 
aliis  vegetabilibus. 

*'  Folia  opposita  vel  alterna,  simplicia,  saepe  breviter  petio- 
lata,  integra,  subintegerrima  uninervia,  venissubparalleliscom- 
binatis,  venulis  creberrime  reticulatis,  exstipulata. 

*'  Flores  pedicellis  brevissimis  subsessiles,  sicciusculi,  scariosi 
et  quasi  glumacei,  glomerati,  capitati  vel  spicati,  colore  vario. 
Pubes  frequens,  septata,  articulata  aut  ganglionea,  plerumque 
simplex,  raro  stellata. 

"  Evolutio. 

^^CotyUdones  epigsese,  integerrimse,  glaberrimae,  subsuc- 
cosae,  in  altemifoliis  nonnunquam  obliqu^  oppositae,  in  op- 
positifoliis  basi  conjugatae.  Madicula  subsimplex,  fibrillosa 
et  Cauliculus  crassiusculi,  intemodio  primario  saep^  elongate. 
Folia  plumuUe  vernatione  sursum  complicata.  Gemmatio: 
Gemmis  nudis.  JEstivatio  calycina  equitans.  JEstivatio 
coroUina  interdum  apice  aperta  (dum  corolla  calyce  inclusa), 
quincuncialis :  duobus  tribusve  petalis  exterioribus,  sibi  latei^ 
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aliter  imbricatis  et  interiores  subvalvulares,  vel  hinc  imbricatas 
plus  minusve  tegentibus. 

**  j&tivatio  staminea  erecta,  pistillo  ante  anthesin  ssep^  sta- 
mina superante,  postea  incluso.  Prolepsis  florum  composita  et 
indeterminata  (Link).     Anthesis  sursum  peracta. 

"  Propagatio. 

^'  Antherarum  dehiscentia  simultanea,  completa,  antheris 
effoetis  explanatis  vel  tortis  et  versatilibus.  Stigma  pollen 
papillis  pilisque  affigens,  dum  divisum  sensim  sensimque  ex- 
pansum.  Disseminatio  aut  floribus  integris  super  pericarpium 
semenque  clausis  decidentibus,  saepe  ope  lanae  involventis  voli- 
tantibus,  seminibusve  aut  ex  utriculo  circumscisso  libere  aut 
una  cum  utriculo  delabentibus. 


(( 


Metamorphosis. 


"  Folia  sursiun  magnitudine  decrescentia,  floralia  nunc 
reliquis  minora,  nunc  omnino  deficientia  aut  in  squamas  ad 
divisiones  florescentiae  mutata,  bractearum  sub  specie  con- 
tracta,  sicca,  scariosa  atque  calycis  foliolis  similia.  Foliolorum 
calycinorum  fabrica  et  species  quasi  repetita  in  petalis  vix 
in  orbem  regularem  dispositis,  orbe  non  nisi  in  staminum 
monadelphorum  perigynia  absoluto. 

"  Metamorphosis  retrocedens  s.  negativa  in  florum  glomerulisy 
nonnullos  flores  in  gemmulas  spinosas  coercens. 

"  Luxuries  caules  rachesque  florum  fasciatos  vel  florum 
diclinorum  hermaphroditismum  incompletum  sistens,  aut 
semina  in  corpuscula  vacua  caudata  extenuans. 

"  Qualitas. 

*'  Herbse,  prsesertim  junioris^yo/ia  textura  laxiuscula  molli, 
elementis  mucilaginosis,  saccharinis  et  fibrosis  poUentia  ideo- 
que  oleracea.  Semina  farinacea,  amylo  et  muco  poUentia. 
Virtus  nutriens,  emolliens,  demulcens,  in  systema  lymphati- 
cum  praevalens.  Unicse  hucusque  speciei  cognitae,  Gom- 
phreruB  officinalis  Mart,  radix  antidotalis,  tonica,  stimulans. 
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"  Statio  et  Habitat io, 

"  Plantae  et  gregariae  et  solitariae ;  plures  difiiisae  villosiores 
in  siccis  lapidosis  arenosisvc  apricis  regionibus,  atiae  erectas 
vel  super  alia  vegetabilia  deeumbentes,  pube  rariore  adspersae, 
in  sylvarum  marginibus  lucisque  primaevis  vivunt :  nonnuUffi 
subsalsa  maritimaque  diligunt  loca ;  in  depressis,  hand  multuni 
super  oceanum  elevatis,  frequentiores  ac  in  montanis.  Ob- 
viam  venit  haec  plantarum  familia  in  utroque  hemisphaerio ; 
sub  ipsa  ililquatore  rarius,  inde  si  versus  Polos  procedas, 
utrinque  frequentior,  ita  ut  ejus  vis  versus  Tropicas  augeri 
videatur.  Cujusvis  generis  Plaga  ampla,  aliis  Americae, 
Asiae,  Novae  Hollandiae  peculiaribus,  aliis  paucissimis  com- 
munibus,  paucis  hucusque  Europaeis  et  Africanis." 

As  an  example  of  a  full  description  of  a  species,  the  follow- 
ing account  of  Cephaelis  Ipecacuanha  is  taken  from  Von 
Martius's  Materia  Medica  Brasiliensium :  — 

"  Radix  perennis,  simplex  vel  in  ramos  paucos  divergentes 
divisa,  oblique  terram  intrans,  flexuosa,  torta,  4 — 6  pollices 
longa,  raro  longior,  pennam  anserinam  circiter  crassa,  versus 
basin  et  apicem  plerumque  paulo  attenuata,  annulata,  annulis 
ut  plurimum  ultra  dimidiam  radicis  crassitiem  latis  inaequa- 
libus;  passim  fibras  agens  tenues,  flexuosas,  simplices  vel 
parum  divisas  in  fibrillas  patentes  epidermide  laevigata,  glabra, 
in  planta  viva  dilute  fiisca,  in  sicca  umbrina  et  tandem  um- 
brino-nigricante  vel  griseo-fusca  obductas ;  cortice  seu  paren- 
chymate,  quod  annulos  exhibet,  aequabili,  primum  moUiusculo, 
subamylaceo,  albo,  tandem  siccescente  pallide  rubente  vel 
testaceo-roseo,  resinoso-splendente,  facilius  a  filo  centrali 
lignoso  tereti  dilute  flavido  secedente,  idque  passim  in  con- 
spectum  dante. 

"  Catdis  suiFruticosus,  2 — 3  pedes  longus,  adscendens,  inter- 
dum  declinatus  inque  terra  latitans,  passim  nodosus  et  e  nodis 
radices  agens  reliquis  similes,  ut  plurimum  simplices,  teres, 
crassitie  pennae  anserinae  vel  cygneae,  vel  simplicissimus,  vel 
adultior  ramos  paucos  sarmentoso-emittens ;  epidermide  cras- 
siuscula  laevigata  vel  longitudinaliter  rimis  aperta,  in  parte 
subterranea  fusca,  in  parte  extraterranea  inferiore  foliis  desti- 
tuta  cinereo-alba  glabra,  in  superiore  viridi  pubescente. 
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"  Folia  in  apice  caulis  ramorumque  4—6,  raro  plura,  oppo- 
sita,  subhorizontaliter  patentia,  petiolata,  oblongo-obovata, 
acuta,  versus  basin  attenuata,  margine  integerrima  vel  obiter 
subrepanda,  d— 4  poUices  longa,  1 — 2  lata,  uti  pars  suprema 
caulis  et  ramonun  pilis  brevibus  adpressis  scabriuscula,  ob- 
scure viridia,  subtus  pallida,  nervo  medio  venisque  lateralibus 
ibidem  prominentibus  percursa. 

*^  Petioli  semiunguiculares,  semiteretes,  supra  paul5  canali- 
culati,  pubescentes. 

'^  Stipuke  petiolos  connectentes,  erecta?,  adpressae,  basi 
membranaceffi  supern^  utrinque  in  lacinias  setosas  4 — 6  fissae, 
marcescentes  et  cum  foliis  deciduae. 

"  Pedunculi  solitsxiij  axillares,  teretes,  pubescentes,  floriferi 
erectiusculi,  fructiferi  refracti,  unciam  et  ultra  longi. 

"  Flares  in  capitulum  involucratum  semiglobosum  coUecti, 
8 — 12,  raro  plures,  in  quovis  involucro,  singuli  bracteati. 

**  Involucrum  commttne  monophyllum,  patens,  profunde  4 — 
rarius  5 — 6 — partitum,  in  lacinias  obovatas  brevi  acumine  ter- 
minatas  ciliatas. 

"  BractetB  (s.  involticrum  partiale)  pro  singulo  flore  singular, 
ovato-oblongae,  acutas,  pubescentes. 

^^  Calyx  ovario  adnatus,  minutus,  obovatus,  albidus,  extus 
pubescens,  superne  sectus  in  dentes  5  breves  obtusiusculos 
erectos. 

"  Corolla  alba,  infundibuliformis,  tubo  cylindrico  vix  sur- 
sum  dilatato  extus  et  in  fauce  tenuissime  pubescens,  limbo 
quam  tubus  duplo  breviore,  in  lacinias  5  ovatas  acutiusculas 
patenti  —  reflexas  diviso. 

^'  Stamina  5.  Filamenta  filiformia,  alba  glabra,  in  tubi  parte 
superiore  adnata.  ArUhertB  lineares,  quam  filamenta  paulo 
longiores,  nonnihil  exsertae. 

<^  Ovarium  calyce  inclusum,  obovatum,  in  vertice  disco  car- 
noso  medio  umbilicato  albido  notatum.  Stylus  filiformia, 
longitudine  tubi  coroUini,  albus.  Stigmata  2,  linearia,  obtusa, 
patentia. 

^^Bacca  ovata,  obtusa,  magnitudine  vix  semenP/ioMo/t  nttilft- 

Jhri  sequans,  primum  purpurea,  dein  violaceo-atra,  camosa, 

mollis,  calyce  parvo  non  ampliato  coronata,  bilocularis, 

sepimento  longitudinali  camoso,  disperma. 
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<^  NucuUb  2,  hinc  convexae  inde  planoe  ibidemque  sulco  tenui 
exaratae,  pallidse,  testacese,  glabrae.  Nucleus  albus,  albuminc^ 
comeo,  embryone  erecto  subclavato." 

A  briefer  and  comparative  mode  of  describing  species  is, 
however,  more  frequently  employed ;  of  which  the  following 
of  Hypericum  perforatum,  from  Sir  James  Smith's  English 
Flora^  is  a  good  instance :  — 

"  Root  woody,  somewhat  creeping.  Stem  taller  than  th^ 
last(H.quadrangulum),  and  much  more  bushy,  in  consequence 
of  the  much  greater  length  of  its  axillary  leafy  branches: 
its  form  round,  with  only  two  opposite  ribs  or  angles,  not  so 
acute  as  those  of  ^.  quadrangulum.  The  whole  herb  is  more- 
over of  a  darker  green,  with  a  more  powerful  scent  when  rub- 
bed ;  staining  the  fingers  with  dark  purple,  from  the  greater 
quantity  of  coloured  essential  oil  lodged  in  the  herbage  and  even 
in  the  petals.  Leaves  very  numerous,  smaller  tlian  the  last ; 
elliptical,  or  ovate,  obtuse,  various  in  width.  Flowers  bright 
yellow,  dotted  and  streaked  with  black  or  dark  purple; 
numerous,  in  dense,  forked,  terminal  panicles.  Calyx  narrow. 
Styles  short,  erect  Capsule  large,  ovate."  (English  Flora^ 
iii.  325.) 

In  order  to  show  the  materials  from  which  a  plant  is  de- 
scribed, it  has  become  customary  to  add,  immediately  after 
the  indication  of  its  native  country,  within  a  parenthesb,  cer- 
tain explanatory  abbreviations ;  such  as  v.  s.  sp,  (vidi  siccam 
spontaneam),  meaning  that  a  wild  specimen  has  been  exa- 
mined in  a  dried  state;  or  v.  s.  c,  (vidi  siccam  cultam),  meaning 
that  a  cultivated  specimen  has  been  examined  in  a  dried  state ; 
V.  V.  sp,  (vidi  vivam  spontaneam),  meaning  that  it  has  been 
seen  wild  in  a  living  state ;  or  v.  v.  c.  (vidi  vivam  cultam), 
meaning  that  it  has  been  seen  cultivated  in  a  living  state ;  and 
the  like*  These  are  useful  things  to  know,  because  it  enables 
a  reader  to  judge  of  the  goodness  of  the  materials  from  which 
an  author  has  been  describing.  But  they  are  capable  of 
much  improvement.  It  now  appears,  indeed,  whether  a 
plant  has  been  seen  alive  or  dried,  wild  or  cultivated,  but  we 
have  nothing  to  show  what  the  nature  of  the  examination  has 
been  to  which  it  has  been  subjected  in  either  case.  A  plant 
may  have  been  seen  alive,  and  not  examined  or  analysed  until 
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it  was  dried ;  aiiotlier  may  have  been  inspected  in  a  dried 
state,  without  Iiaving  been  analysed;  or,  if  analysed,  the 
analysis  may  have  been  very  imperfect :  no  examination  may 
have  been  made  of  the  interior  of  the  ovary,  of  the  fruit,  or 
of  the  seed ;  all  points  upon  which  it  is  useful  to  possess  in- 
formation. It  is,  therefore,  desirable  that  some  alteration,  or 
rather  extension,  of  these  abbreviations,  should  be  contrived, 
something  after  die  following  manner: — v.v.etex.Jl.ov, 
fi.  8.J  seen  alive;  examined,  flower,  ovarium,  fruit,  and  seed: 
if  all  these  are  named,  they  will  all  have  been  examined; 
if  part  only,  then  the  other  parts  will  be  understood  not  to 
have  been  examined.  The  great  necessity  of  making  some 
such  addition  as  this,  will,  I  am  sure,  be  felt  by  every  one 
accustomed  to  consult  botanical  works.  At  all  events,  it  is 
indispensable  that  it  should  be  stated  whether  a  plant  has 
been  examined  sufficiently,  as  well  as  seen  ;  because  merely  to 
inspect  a  plant  in  a  herbarium  will  often  enable  the  observer 
to  form  but  a  very  imperfect  idea  of  its  organisation.  For 
this  reason  I  have  introduced  the  abbreviation  exam,  (exam* 
inavi)  into  some  of  my  own  works,  thus :  — 

"  Habitat  in  Mexico;  Pavon,  (exam.  s.  sp.  i«  Herb. 
Lambert.y* 

Connected  with  this  subject  is  the  mode  of  stating  the 
native  countries  of  plants,  and  of  citing  the  authorities  upon 
which  the  statement  is  made.  For  this  purpose  the  two  rules 
of  De  Candolle  are  unexceptionable. 

1.  If  you  have  yourself  seen  a  specimen  collected  in  its 
native  country,  then  the  name  of  the  collector,  which  is 
placed  immediately  after  that  of  the  country,  is  printed  in 
italics :  but,  2.  If  you  have  no  other  authority  for  the  habit- 
ation than  some  printed  book,  or  manuscripts,  then  the  name 
of  the  author  from  whom  you  derive  your  information  is 
printed  in  Roman  characters ;  thus  :  — 

Hab.  in  Mexico,  Graham ;  Caribaeis,  Jacquin ;  Florida, 
Frazer ;  Louisiana,  Rafinesque. 

Here  it  is  seen  that  you  have  examined  Mexican  specimens 
collected  by  Mr. Graham,  and  Florida  ones  from  Frazer; 
but  that  you  trust  to  the  writings  of  Jacquin  and  Rafinesque 
for  its  being  also  found  in  the  West  Indies  and  in  Loubiana. 
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CHAPTER  III. 

OF    PUNCTUATION. 

As  the  principle  of  composing  and  punctuating  generic  and 
specific  characters,  and  descriptions,  when  written  in  Latin, 
differs  from  that  employed  in  ordinary  composition,  a  few  rules 
upon  the  subject  may  with  propriety  be  introduced  here. 

In  the  characters  of  classes^  orders^  or  genera^  the  nominative 
case  is  employed,  the  ablative  being  only  occasionally  intro- 
duced: each  adjective  is  separated  by  a  comma;  and  the 
different  members  of  a  sentence  by  a  semicolon,  or  a  period ; 
as  ^^  Perianthium  deciduum.  Ovarium  liberum,  sessile,  mono- 
spermum,  ovulo  erecto.  Stylus  brevissimus.  Stiffma  sublo- 
batum.  Semen  nucamentaceum,  arillo  multijiartito.  Albumen 
ruminatum,  sebaceo-carnosum." 

Or,— 

^^Perianthium  deciduum.  Ovarium  liberum,  sessile,  mo- 
nospermum,  ovulo  erecto ;  stylus  brevissimus ;  stigma  subloba- 
tum.  Semen  nucamentaceum,  arillo  multipartito ;  albumen 
ruminatum,  sebaceo-camosmn." 

The  latter  is  the  better  of  the  two,  because  the  semicolons 
show  that  the  parts  connected  by  them  all  form  a  portion  of 
the  same  organ ;  while,  if  the  period  is  exclusively  used,  it 
would  appear  as  if  the  parts  divided  by  it  were  all  so  many 
distinct  organs. 

In  specific  characters^  it  is  customary  to  employ  the  ablative 
case ;  not  to  separate  tlie  adjectives  that  belong  to  the  same 
noun  by  any  point ;  to  use  commas  to  divide  the  members  of 
the  sentence ;  to  employ  the  colon  to  indicate  when  a  new 
sentence  forms  a  part  of  that  which  precedes ;  and  to  exclude 
the  semicolon  altogether,  or  to  employ  it  to  separate  adjec- 
tives in  the  nominative  case,  when  such  are  introduced,  as  is 
sometimes  the  case,  from  the  ablative  part  of  the  character. 
ITius  we  write,  — 
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^*  Stemodia  balsamea^  caule  procumbente,  ramis  subhirsutis, 
foliis  ovatis  obtusis  basi  in  petiolum  brevem  angustatis  glabris : 
floralibus  conformibus,  floribus  axillaribus  sessilibus  solitariis 
vel  utrinque  2 — 3  glomeratis,  calycibus  5-partitis :  laciniis  lan- 
ceolato-subulatis." 

And  not,  — 

^^  Stemodia  balsamea^  caule  procumbente,  ramis  subhirsutis, 
foliis  ovatis,  obtusis,  basi  in  petiolum  brevem  angustatis,  gla- 
bris, floralibus  conformibus,  floribus  axillaribus,  sessilibus, 
solitariis,  vel  utrinque  2 — 3  glomeratis,  calycibus  d-partitis, 
laciniis  lanceolato-subulatis." 

If  this  character  were  punctuated  in  the  latter  manner,  it 
would  not  be  certain  whether  or  not  laciniis  referred  to  calyx, 
or  to  any  thing  else ;  in  the  former  case  it  is  distinctly  in- 
dicated. 

If  a  semicolon  is  introduced  into  a  specific  character,  it  is 
when  an  adjective  in  the  nominative  case  immediately  follows 
the  specific  name,  preceding  all  that  part  that  is  in  the  abla- 
tive: thus, — 

"  Gesneria  misera,  procumbens ;  foliis  obovatis  villosis,"  &c. 

In  detailed  descriptions^  the  mode  of  composing  and  punc- 
tuating is  much  the  same  as  in  the  characters  of  genera; 
the  nominative  case  being  chiefly  used,  and  commas  being 
placed  between  each  adjective.  Tlie  members  of  a  sentence 
are  divided  by  semicolons ;  and  if  colons  are  employed,  it  is 
in  the  same  sense  as  in  specific  characters. 

Although  such  are  the  most  approved  rules  of  punctuation, 
yet  it  must  be  confessed  they  are  little  attended  to  by  many 
botanists ;  although  it  cannot  be  doubted  that  they  tend  very 
much  to  perspicuity  and  precision  of  language. 
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CHAPTER  IV. 

OF    NOMENCLATURE    AND   TERMINOLOGY. 

The  following  are  the  canons  instituted  by  Linnaeus,  with 
reference  to  this  subject  They  are  what  guide  the  botanist 
in  his  doubts ;  and,  although  exceptionable  in  some  points,  as 
will  hereafter  appear,  are,  upon  the  whole,  well  deserving  of 
attention  and  respect. 

1.  The  names  of  plants  are  of  two  kinds ;  those  of  the  class 
and  order,  which  are  understood;  and  of  the  genus  and  species^ 
which  are  expressed.  The  name  of  the  class  and  order  never 
enter  into  the  denominations  of  a  plant 

2.  All  plants  agreeing  in  genus,  are  to  have  the  same 
generic  name. 

3.  All  plants  differing  in  genus,  are  to  have  a  distinct  ge- 
neric name. 

4.  Each  generic  name  must  be  single. 

5.  Two  different  genera  cannot  be  designated  by  tlie  same 
name. 

6.  It  is  the  business  of  those  who  distinguish  new  genera 
to  name  tliem. 

7.  Generic  names  derived  from  barbarous  languages  ought 
on  no  account  to  be  admitted. 

8.  Generic  names  compounded  of  two  entire  words  are 
improper,  and  ought  to  be  excluded.  Thus,  Vitis  Idasa  must 
give  way  to  Vaccinium,  and  Crista  Galli  to  Rhinanthus. 

9.  Generic  names  formed  of  two  Latin  words,  are  scarcely 
tolerable :  some  of  them  have  been  admitted,  such  as  Comu- 
copicBy  Rosmarinus,  Sempervtvum,  &c.,  but  this  example  is  not 
to  be  imitated. 

10.  Generic  names,  formed  half  of  Latin  and  half  of  Greek, 
are  hybrid,  and  on  no  account  to  be  admitted:  such  are 
Cardamt7?(fKm,  ChrysanthemtWuTii,  &c. 
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1 1.  Generic  names  compounded  of  the  entire  generic  name 
of  one  plant,  and  a  portion  of  that  of  another,  are  unwor- 
thy of  botany ;  such  as  Cannaeorz/^,  lAlionarcissus,  Lauro- 
cerasus. 

12.  A  generic  name,  to  which  is  prefixed  one  or  more 
syllables,  so  as  to  alter  its  signification,  and  render  it  ap- 
plicable to  other  plants,  is  not  admissible.  BuBocastSinumj 
Cyw^crambe,  CTianuBnenuuiy  &c.,  are  of  this  kind. 

13.  Generic  names  ending  in  oides  are  to  be  rejected ;  as, 
Agrimonoides^  Asteroides,  &c. 

14.  Generic  names  formed  of  other  generic  names,  with 
the  addition  of  some  final  syllable,  are  disagreeable,  as  Aceto- 
sella^  BalsamzVo,  Kapistrum^  &c. 

15.  Generic  names  sounding  alike,  lead  to  confusion. 

16.  No  generic  names  can  be  admitted,  except  such  as  are 
derived  from  either  the  Greek  or  Latin  languages. 

17.  Generic  names  appertaining  previously  to  Zoology,  or 
other  sciences,  are  to  be  cancelled,  if  subsequently  applied  in 
botany. 

18.  Generic  names  at  variance  with  the  cliaracters  of  any  of 
the  species  are  bad. 

19.  Generic  names  the  same  as  those  of  the  class  or  order 
cannot  be  tolerated. 

20.  Adjective  generic  names  are  not  so  good  as  substantive 
ones,  but  may  be  admitted. 

21.  Generic  names  ought  not  to  be  misapplied,  to  gaining 
the  goodwill  or  favour  of  saints,  or  persons  celebrated  in  other 
sciences ;  they  are  the  only  reward  that  the  botanist  can  ex- 
pect, and  are  intended  for  him  alone. 

22.  Nevertheless,  ancient  poetical  names  of  deities,  or 
of  great  promoters  of  the  science,  are  worthy  of  being  re- 
tained. 

23.  Generic  names  that  express  the  essential  character  or 
habit  of  a  plant  are  the  best  of  all. 

24.  The  ancient  names  of  the  classics  are  to  be  respected. 

25.  We  have  no  right  to  alter  an  ancient  generic  name  to 
one  more  modem,  even  although  it  may  be  for  the  better : 
this  would,  in  the  first  place,  be  an  endless  labour ;  and,  in 
the  next  place,  would  tend  to  inextricable  confusion. 
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26.  If  new  generic  names  are  wanted,  it  must  be  first 
ascertained  whether  no  one  among  the  existing  synonyms  is 
applicable. 

27.  If  an  old  genus  is  divided  into  several  new  ones,  the 
old  name  will  remain  with  the  species  that  is  best  known. 

28.  The  termination  and  euphony  of  generic  names  are  to 
be  consulted,  as  far  as  practicable. 

29.  Long,  awkward,  disagreeable  names  are  to  be  avoided, 
such  as  Calophyllodendron  of  Vaillant,  Coriotragematodend- 
ros  of  Plukenet,  and  the  like. 

30.  The  names  of  classes  and  orders  are  subject  to  the  same 
rules  as  those  of  genera.  They  ought  always  to  express  some 
essential  and  characteristic  marks. 

31.  The  names  of  both  classes  and  orders  must  always 
consist  of  a  single  word,  and  not  of  sentences. 

I  have  thought  it  right  to  give  these  Linnaean  canons, 
firstly,  because  they  are  undoubtedly  excellent  in  many  re- 
spects; secondly,  because  we  must  attribute  much  of  the 
greater  perfection  of  natural  history,  since  the  time  of  Lin- 
naeus, to  the  adoption  of  them  ;  and,  thirdly,  because  they  are 
constantly  appealed  to,  by  the  school  of  Linnaeus,  as  a 
standard  of  language,  from  which  no  departure  whatever  is 
allowable. 

It  is,  however,  necessary  to  remark,  that,  notwithstanding 
the  undoubted  excellence  of  many  of  these  rules,  yet  there 
are  others,  adherence  to  which  is  often  out  of  the  question, 
and  wliich  have,  indeed,  fallen  wholly  into  disuse.  It  seems 
to  be  an  admitted  principle,  that  it  is  of  little  real  importance 
what  name  an  object  bears,  provided  it  serves  to  distinguish 
that  object  from  every  thing  else.  This  is  the  material  point, 
to  which  all  other  considerations  are  secondary  :  thus,  if  A.  or 
B.  are  universally  known  by  the  names  of  Thomas  or  John, 
it  is  quite  as  well  as  if  they  were  called  William  or  James. 
This  being  so,  it  will  follow  that  Nos.  7,  9, 1 1, 12, 14,  and  16, 
of  the  Linnaean  canons,  are  either  frivolous  or  unimportant ; 
or,  at  least,  that  no  person  is  bound,  either  in  reason  or  by 
custom,  to  observe  them.  This  is  particularly  apparent  in 
considering  the  practice  now  universally  adopted,  although 
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condemned  by  Linnaeus,  of  converting  the  names  by  which 
plants  are  known  in  countries  called  barbarous,  into  scientific 
generic  names,  by  adding  a  Latin  termination  to  them.  The 
advantage  of  this  practice  to  travellers  is  known  to  be  very 
great,  as  it  puts  them  in  possession  of  a  certain  part  of  the 
language  of  the  country  in  which  the  plants  are  found.  Such 
names  are  often  not  less  euphonous  tlian  tliose  admitted  by 
the  Linnsen  school  as  unexceptionable :  witness,  Licaria  and 
Eperua,  rejected  Caribean  generic  names ;  and  Glossarrhena, 
Guldenstadtia,  Sclilechtendahlia ;  and  similar  admitted  Lin- 
naean  names.  Indeed,  so  impossible  is  it  to  construct  generic 
names  that  will  express  the  peculiarities  of  the  species  they 
represent,  that  I  quite  agree  with  those  who  tliink  a  good, 
well-sounding,  unmeaning  name  by  far  the  best  tliat  can  be 
contrived.     The  great  rule  to  follow  is  this  :  — 

In  constructing  a  generic  name,  take  care  that  it  is  har- 
monious, and  as  unlike  all  other  generic  names  as  it  can  be. 
In  adopting  generic  names,  always  take  the  most  ancient, 
whether  better  or  worse  than  those  that  have  succeeded  it. 
Attend  as  much  as  you  will  to  the  canons  of  Linnseus  in 
forming  a  name  of  your  own  ;  but  never  allow  them  to  induce 
you  to  commit  the  incivility  of  rejecting  the  names  of  other 
persons,  because  they  do  not  think  fit  to  acknowledge  arbi- 
trary rules  which  you  are  disposed  to  obey ;  and  let  the  con- 
duct of  Schreber,  a  German  botanist,  who  has  been  held  up 
to  universal  scorn  for  having  presumed,  without  authority,  or 
any  sort  of  pretention  to  a  knowledge  of  the  plants  of  Aublet, 
to  alter  the  whole  nomenclature  of  that  author,  to  the  great 
confusion  of  science,  be  a  warning  to  you,  never  to  be  induced 
to  sanction  any  similar  deviation  from  the  rules  of  courtesy 
in  science. 

When  species  are  named  after  individuals,  the  rule  of  con- 
struction is  this :  if  the  individual  is  tlie  discoverer  of  the 
plant,  or  the  describer  of  it,  the  specific  name  is  then  to  be  m 
the  genitive  singular ;  as  Caprifolium  Douglasii,  Carex  Men- 
ziesii ;  Messrs.  Douglass  and  Menzies  having  been  the  dis- 
coverers of  these  species ;  and  Planera  Richardi,  the  species 
so  called  having  been  described  by  Richard :  but  if  the  name 
is  merely  given  in  compliment,  without  reference  to  either  of 
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these  circumstances,  tlie  name  should  be  rendered  in  an 
adjective  form,  with  the  termination  anus^  Ojum;  as  Pinus 
Lambertiana,  in  compliment  to  Mr.  Lambert :  and,  for  this 
reason,  such  names  as  Rosa  Banksiee  and  R.  Brunonii  are 
wrong ;  they  should  have  been  R.  Banksiana  and  R.  Bru- 
noniana. 

It  is  customary  to  name  an  order  from  the  genus  that  most 
accurately  represents  its  characters,  adding  the  termination 
ace<B  to  such  names  as  end  in  a  or  a«,  or  even  us.  Rosacese 
from  Rosa,  Spondiaceae  from  Spondias,  Connaraceae  from 
Connarus ;  or  by  converting  the  terminations  us  or  um  into  etB  ; 
as  Rhamnese  from  Rhamnus,  Menispermeae  from  Menisper- 
mum.  But  this  is  not  very  strictly  adhered  to ;  many  well- 
known  old  names,  not  constructed  upon  this  principle,  being 
still  retained ;  such  as  Salicariae,  L^uminosas,  Caryophylleas, 
Gramineae,  Palmac,  &c. 

There  is  no  rule  for  the  construction  of  the  names  of  the 
higher  divisions  in  Botany. 

In  terminology,  every  name  should  have  a  distinct,  positive 
meaning,  which  cannot  be  misunderstood ;  all  terms  that  have 
two  meanings  being  bad.  For  instance,  the  term  nectary, 
which  is  sometimes  applied  to  glands  secreting  honey ;  some- 
times to  modifications  of  the  petals  or  stamens ;  and  even  to 
the  disk  itself,  is,  in  such  an  extended  signification,  un- 
intelligible. Again,  the  term  corolla,  unless  limited  to  the 
inner  series  of  the  floral  envelopes,  may  be  often  applied  to 
the  calyx,  and  then  ceases  to  have  any  precise  signification. 
Capsule  has  been  applied  by  various  authors  to  a  polyspermous 
dehiscent  compound  fruit,  or  to  an  indehiscent  polyspermous 
fruit,  or  to  an  indehiscent  monospermous  fruit :  so  applied  it 
has  no  distinct  meaning.  For  this  reason  modern  botanists 
have  contrived  a  large  number  of  new  terms,  which  have  con- 
tributed much  to  the  perspicuity  of  botanical  writings.  But 
if  this  has  been,  in  many  cases,  done  advantageously,  it  has 
unfortunately  happened  that  in  others  additional  terms  have 
been  created  uselessly,  to  the  great  confusion  of  the  science. 
Thus,  the  old  word  albumen  is  perfectly  well  understood  as 
the  matter  lying  between  the  embryo  and  the  seed  coats  when 
the  seed  is  mature ;  nevertheless,  we  have  the  terms  perisperm 
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and  endosperm  contrived  for  the  same  part :  testa  is  synony- 
mous with  episperm ;  putamen  with  endocarp :  for  funiculus 
umbilicalis  we  have  trophosperm  and  podosperm;  and,  un- 
fortunately, numerous  other  instances  might  be  adduced. 
The  rule  to  be  observed  in  terminology  is  evidently  this ;  that 
as  no  word  ought  to  have  two  applications  or  meanings,  so  no 
idea  should  be  expressed  by  more  than  one  term ;  and  if  a 
term,  expressive  of  a  distinct  point  of  structure,  already 
exists,  no  new  term  should,  on  any  account,  be  created,  from 
the  fancy  that  it  may  be  better,  or  more  expressive,  than  the 
old  one.  To  do  so,  is  not  only  unwise,  but  absolutely 
mischievous. 
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CHAPTER  V. 

OF    SYNONYMS. 

The  synonjrms  of  plants  are  the  names  applied  to  particular 
species  by  different  authors.  Names  are  often  unlike  each 
other;  in  which  case  synonyms  become  indispensable  to  a 
right  knowledge  of  a  plant ;  but  when  one  name  only  has 
been  given  by  common  consent,  synonyms,  in  that  case,  are 
of  less  importance.  The  objects  that  they  serve  are  these : 
they  indicate  — 

1.  The  names  of  the  authors  who  have  described  the  spe- 
cies, and  tlie  place  in  their  writings  in  which  the  descrip- 
tion is  to  be  found. 

^.  The  chronology  of  the  species,  pointing  out  the  period 
at  which  it  was  first  made  known  to  the  worlds 

3.  The  works  in  which  figures  are  to  be  found. 

4.  The  various  names  under  which  it  has,  from  time  to 
time,  been  known. 

Synonyms,  therefore,  if  complete,  present  a  brief,  but  very 
instructive  history  of  a  plant.  In  monographs,  or  complete 
accounts  of  particular  groups  of  plants,  no  synonjTns  of  any 
importance  whatever  ought  to  be  omitted :  in  more  concise 
works,  one  or  two  of  the  principal  are  sufficient.  The  im- 
portance of  a  synonym  depends  upon  its  being  that  of  some 
author  who  has  written,  in  an  original  manner,  upon  a  given 
plant.  In  proportion  as  originality  decreases,  the  value  of 
synonyms  decreases  also. 

In  arranging  synonyms,  a  strict  chronological  order  should 
be  maintained,  beginning  with  the  most  ancient  name,  and 
ending  with  the  most  recent.  But,  although  the  citation  of 
the  names  must  be  strictly  chronological,  it  does  not  therefore 
follow  that  the  quotation  of  the  works  in  which  the  names 
occur  should  be  chronological  also :  this  would  lead  to  great 
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confusion  and  inconvenience.  It  has  been  found  practically 
better  to  arrange  the  names  chronologically ;  and  to  arrange 
under  each  name,  in  chronological  order,  those  authors  who 
have  spoken  of  the  plant  by  each  name. 

This  will  be  more  apparent  from  the  following  example, 
from  the  Sy sterna  Naturale  of  De  Candolle,  in  which  the  dates 
of  the  authors'  works  are  introduced  to  demonstrate  the  chro- 
nological order  of  their  quotations.  In  practice  the  dates  are 
usually  omitted :  it  would  be,  perhaps,  an  improvement  if 
they  were  always  added. 

TROLLIUS    ASIATICUS. 

Helleborus  aconiti  folio  flore  globoso  croceo.     Amm,  ruth, 

p.  76.  n.  101.  (1739.) 
TroUius  asiaticus.    Lin.  !  sp.  pL  782  (exclus.  Buxb.  et  Taum. 

syn.)  (1763.)  —  Mill.  diet.  n.  2.  (1768.)  — Gmel.JL  sib.  4. 

p.  190.  n.  23.  (1769.)  —  Pall.  itin.  2.  p.  528.  (1793.)  — 

♦  Curt.  Bot.  Mag.  t.  235.  (1793.)  —  WiUd.  sp.  2. p.  1334. 

(1799.)  —  Poir.  !   diet.  8.  p.  122.  (1808.) 
T.  europsBus  Soboljl.  petr.  p.  134.  n.  376?   (1799.) 
T.  sertiflorus  Salisb.  in  Lin.  soc.  8.  p.  303.  (1807.) 

In  order  to  show  disthictly  the  different  value  of  these 
synonyms,  De  Candolle  marks  with  an  asterisk  (*)  those  in 
which  good  original  descriptions  are  to  be  found;  and  to 
explain  which  have  been  ascertained  by  the  actual  inspection 
of  authentic  specimens,  he  marks  such  names  with  a  note  of 
admiration  immediately  succeeding  the  name  of  an  autlior : 
thus,  Lin.  1  sp.  pL  427.  would  mean  that  the  original  speci- 
men from  which  the  plant  was  described  by  Linnaeus  in  the 
Species  Plantaruniy  page  427.,  had  been  actually  examined  by 
himself;  whereas,  if  the  note  of  admiration  had  been  omitted, 
it  would  have  appeared  that  the  only  evidence,  with  respect 
to  the  plant  described  by  Linnseus,  was  obtained  from  his 
book  itself.  This  distinction  is  of  great  importance,  as  it 
shows  upon  which  synonyms  implicit  reliance  can  be  placed, 
and  to  which  we  can  turn  with  less  confidence. 

In  proportion  to  the  importance  of  synonyms  ought  to  be  the 
care  with  which  they  are  quoted.     No  synonyms  ought  to  be 
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adopted  by  a  writer  upon  the  credit  of  others ;  he  should  always 
judge  for  himself;  or,  if  that  should  not  be  in  his  power,  he 
should  take  care  to  show  which  have  been  ascertained  by  him- 
self, and  for  which  he  trusts  to  others.  It  is  especially  import- 
ant never  to  suppose  that  plants  are  the  same  whose  names  are 
the  same.  Upon  this  point  it  particularly  behoves  the  botanist 
to  be  vigilant ;  for  nothing  is  more  common  than  for  writers 
to  mistake  the  plants  intended  by  each  other.  Thus,  R.  pim- 
pinellifolia  of  Linnseus,  is  R.  spinosissima ;  R.  pimpinellifolia 
of  Pallas  is  a  distinct  variety,  if  not  species,  called  altaica  by 
Willdenow;  R.  pimpinellifolia  of  Villars  is  Rosa  alpina; 
R.  pimpinellifolia  of  Bieberstein  is  probably  R.  grandiflora. 
Care  must  also  be  taken  not  to  suppose  that  the  plants  with 
different  names  are  different  species.  It  frequently  happens 
that  a  known  species,  already  described  by  one  botanist,  is 
described  as  new  by  another :  this  arises  from  a  variety  of 
causes ;  the  original  description  is  imperfect,  or  inaccurate,  so 
that  the  species  to  which  it  refers  cannot  be  recognised ;  or  a 
species  may  have  been  described  by  one  botanist,  in  a  work 
unknown  to  another,  who  has  therefore  described  it  anew. 
This  is  an  evil,  for  which  there  is  no  other  remedy  than  vigil- 
ance on  the  part  of  those  who  take  the  lead  in  science; 
and  who,  from  time  to  time,  apply  themselves  to  purify  it 
from  the  errors  that  are  daily  accumulating.  So  difficult, 
however,  is  it  to  detect  repetitions,  that  even  in  the  publica- 
tions of  the  most  distinguished  and  skilM  writers  they  occur 
in  numberless  instances :  for  instance,  the  Unonas  uncinata, 
hamata,  and  esculenta  of  Dunal  and  De  Candolle  are  iden- 
tically the  same. 
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CHAPTER  VI. 


OF    HERBARIA. 


To  a  botanist  who  studies  the  science  with  much  attention, 
and  with  a  view  to  becoming  perfectly  acquainted  with  it, 
neither  books  nor  the  most  elaborate  descriptions  prove  suf- 
ficient. He  finds  it  indispensable  to  have  continually  within 
his  reach  some  portion  of  as  many  species  as  he  can  procure. 
If  he  has  admission  to  a  botanical  garden,  a  great  many 
species  may  thus  be  readily  accessible;  although,  even  in 
such  a  case,  it  is  only  at  particular  periods  that  he  can  study 
the  flowers  and  fruit  of  any  of  them  :  a  garden,  too,  seldom 
contains  more  than  a  fifteenth  or  a  tenth  of  the  nimiber  of 
known  species  ;  and  far  more  frequently  not  a  twentieth. 

For  these  reasons,  botanists  have  contrived  a  method  of 
preserving,  by  drying  and  pressure,  specimens  of  plants  which 
represent  all  tliat  it  is  most  essential  to  recognise.  A  collection 
of  such  specimens  was  formerly  known  by  the  expressive  name 
of  Hortm  Siccus  ;  but  is  now  uiiiversaUy  called  an  Herbarium. 
If  well  prepared  and  arranged,  such  a  collection  is  invaluable 
to  any  working  botanist,  because  it  enables  him  instantly,  at 
all  times,  to  compare  plants  themselves  with  each  other,  and 
with  the  accounts  of  other  botanists ;  or  to  examine  them  with 
reference  to  points  of  structure  not  previously  considered.  It 
will,  therefore,  be  useful  to  explain,  shortly,  the  best  modes  of 
preparing,  arranging,  and  preserving  herbaria. 

What  is  called  the  specimen  of  a  plant,  is  a  small  shoot 
bearing  flowers  and  fruit,  either  together  or  separately,  pressed 
flat  and  dried,  so  that  it  may  be  conveniently  fixed  upon  a 
sheet  of  paper.  As  a  plant  is,  in  all  cases,  an  aggregation  of 
individuals  growing  upon  exactly  the  same  plan,  and  pro- 
ducing the  same  kind  of  reproductive  organs,  it  follows  that 
a  single  shoot,  comprehending  leaves,  flowers,  and  fruit,  is  a 
representation  of  the  largest  tree  of  the  forest,  and  will  give  as 
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distinct  an  idea  of  tlie  individual  as  if  a  huge  limb  were  before 
the  botanist.  It  is  this  fact  that  enables  us  to  form  herbaria. 
Besides  the  dried  twigs  thus  described,  an  herbarium  should 
contain  specimens  of  the  wood  of  each  species,  and  also  a 
collection  of  fruits  and  seeds,  which,  being  often  large,  hard, 
and  incapable  of  compression,  are  not  fit  to  be  incorporated 
with  the  dried  specimens  themselves. 

In  selecting  specimens  for  drying,  care  must  be  taken  that 
they  exhibit  the  usual  character  of  the  species ;  no  imperfect 
or  monstrous  shoot  should  be  made  use  of.  If  the  leaves  of 
different  parts  of  the  species  vary,  as  is  often  the  case  in 
herbaceous  plants,  examples  of  both  should  be  preserved. 
The  twig  should  not  be  more  woody  than  is  unavoidable, 
because  of  its  not  lying  compactly  in  the  herbarium.  If  the 
flowers  grow  from  a  very  large,  woody  part  of  the  trunk, 
as  is  often  the  case,  in  some  Malpighias,  Cynometra,  &c., 
then  they  should  be  preserved  with  a  piece  of  the  bark  only 
adhering  to  them.  It  is  also  very  important  that  ripe  fruit 
should  accompany  the  specimen.  When  the  ftoiit  is  small,  or 
thin,  or  capable  of  compression  without  injury,  a  second  dried 
specimen  may  be  added  to  that  exhibiting  the  flowers ;  but 
when  it  is  large  and  woody,  it  must  be  preserved  separately, 
in  a  manner  I  shall  presently  describe. 

Next  to  a  judicious  selection  of  specimens,  it  is  important 
to  dry  them  in  the  best  manner.  For  this  purpose  various 
methods  have  been  proposed :  some  of  the  simplest  and  most 
practicable  may  be  mentioned.  If  you  are  in  a  country  where 
there  is  a  great  deal  of  sun-heat,  it  is  an  excellent  plan  to 
place  your  specimen  between  the  leaves  of  a  sheet  of  paper, 
and  simply  to  pour  as  much  sand  or  dried  earth  over  it  as 
will  press  every  part  flat,  and  then  to  leave  it  in  the  ftill  sun- 
shine. A  few  hours  are  often  sufficient  to  dry  a  specimen 
thoroughly  in  this  manner.  But  in  travelling,  when  con- 
veniences of  this  kind  cannot  be  had,  and  in  wild  uninhabited 
regions,  it  is  better  to  have  two  or  more  pasteboards  of  the 
size  of  the  paper  in  which  your  specimens  are  dried,  and  some 
stout  cord  or  leathern  straps.  Having  gathered  specimens 
until  you  are  apprehensive  of  their  shrivelling,  fill  each  sheet 
of  paper  with  as  many  as  it  will  contain ;  and  having  thus 
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formed  a  good  stout  bundle,  place  it  between  the  pasteboards, 
and  compress  it  with  your  cord  or  straps.  In  the  evening,  or 
at  the  first  convenient  opportunity,  unstrap  the  package,  take 
a  fresh  sheet  of  paper,  and  make  it  very  dry  and  hot  before  a 
fire ;  into  the  sheet,  so  heated,  transfer  the  specimens  from  the 
first  sheet  of  paper  in  your  package ;  then  dry  that  sheet,  and 
shift  into  it  the  specimens  lying  in  the  second  sheet;  and  so 
go  on,  till  all  your  specimens  are  shifted;  then  strap  up  the 
package  anew,  and  repeat  the  operation  at  every  convenient 
opportunity,  till  the  plants  are  dry.  They  should  then  be 
trcuisferred  to  fresh  paper,  tied  up  rather  loosely,  and  laid  by. 
Should  the  botanist  be  stationary,  or  in  any  civilised  country, 
he  may  dry  his  paper  in  the  sun ;  or,  if  the  number  of  speci- 
mens he  has  to  prepare  is  inconsiderable,  he  may  simply  put 
them  between  cushions  in  a  press  resembling  a  napkin-press, 
laying  it  in  the  sun,  or  before  a  hot  fire.  It  is  extremely  im- 
portant that  specimens  should  be  dried  quickly,  otherwise 
they  are  apt  to  become  mouldy  and  rotten,  or  black,  and  to 
fall  in  pieces.  Notwithstanding  all  the  precautions  that  can 
be  talcen,  some  plants,  such  as  Orchidece,  will  fall  in  pieces  in 
drjring :  when  this  is  the  case,  the  fragments  are  to  be  care- 
fijlly  preserved,  in  order  that  they  may  be  put  together  when 
the  specimen  is  finally  glued  down.  In  many  cases,  particu- 
larly those  of  Conifers,  Ericae,  &c.,  the  leaves  may  be  pre- 
vented fidling  off  by  plunging  the  specimen,  when  newly 
gathered,  for  a  minute  into  boiling  water.  The  great  objects 
in  drying  a  specimen  are  to  preserve  its  colour,  if  possible, 
which  is  not  often  tlie  case,  and  not  to  press  it  so  flat  as  to 
crush  any  of  the  parts,  because  that  renders  it  impossible 
subsequently  to  analyse  them. 

Specimens  of  wood  should  be  truncheons,  five  or  six  inches 
long,  and  three  or  four  inches  in  diameter,  if  the  plant  grows 
so  much.  They  should  be  planed  smooth  at  each  extremity, 
but  neither  varnished  nor  polished. 

Specimens  of  fioiits  simply  require  to  be  dried  in  the  sun. 

When  specimens  shall  have  been  thoroughly  dried,  they 
should  be  fastened,  by  strong  glue,  not  gum,  nor  paste,  to 
half  sheets  of  good  stout  white  paper :  the  place  where  they 
were  found,  or  person  firom  whom  they  were  obtained^  diould 


CHAP.  VI.  OF    HERBARIA.  467 

be  written  at  the  foot  of  each  specimen,  and  the  name  at  the 
lowest  right-hand  comer.  If  any  of  the  flowers,  or  fruits,  or 
seeds,  are  loose,  they  should  be  put  into  small  paper  cases^ 
which  may  be  glued,  in  some  convenient  place,  to  the  papen 
These  cases  are  extremely  useful;  and  fragments  so  pre- 
served, being  well  adapted  for  subsequent  analysis,  will  often 
prevent  the  specimen  itself  from  being  pulled  in  pieces. 

The  best  size  for  the  paper  appears,  by  experience,  to  be 
10|  inches  by  16^.  Linnaeus  used  a  size  resembling  our 
foolscap;  but  it  is  much  too  small;  and  a  few  employ 
paper  11^  inches  by  18^;  but  that  is  larger  than  is  neces- 
sary, and  much  too  expensive. 

In  analysing  dried  specimens,  the  flowers  or  fruits  should 
always  be  softened  in  boiling  water:  this  renders  all  the  parts 
pliable,  and  oflen  restores  them  to  their  original  position. 

In  arranging  specimens,  when  thus  prepared,  every  species 
of  the  same  genus  should  be  put  into  a  wrapper  formed  of  a 
whole  sheet  of  paper^  and  marked  at  the  lower  lefl  comer 
with  the  name  of  the  genus.  The  genera  should  then  be  put 
together  according  to  their  natural  orders* 

In  large  collections  it  is  oflen  found  difficult  to  preserve 
that  exact  order  which  is  indispensable  to  the  utility  of  an 
herbarium;  and  accordingly,  we  constantly  find  botanists 
embarrassed  by  multitudes  of  unarranged  specimens.  As  this 
is  a  great  evU,  I  trust  that  a  few  hints  upon  the  subject  may 
not  be  without  their  use ;  especially  as,  by  attending  to  them 
myself,  I  have  probably  not  500  unarranged  specimens  in  a 
collection  of  between  20,000  and  30,000  species. — Never  sufier 
collections,  however  small,  to  accumulate ;  but  the  very  dayt 
if  possible,  that  a  parcel  of  dried  plants  arrives,  put  each  in 
its  place.  For  this  purpose  they  should  not  be  glued  down ; 
but  each  species,  with  a  ticket  explaining  its  origin,  name^ 
&C,  should  be  laid  loose  upon  a  half-sheet  of  waste  paper^ 
and  then  put  into  the  cover  of  the  genus  to  which  it  be- 
longs :  if  the  genus  is  not  recognised,  and  there  is  no  time  for 
determining  it,  then  take  a  cover,  marked  with  the  name  of 
the  order  at  its  lower  left-hand  comer,  and  put  them  in  it ; 
or,  if  the  order  is  not  known,  then  put  the  specimens  into 
covers  marked  with  the  names  of  countries  instead  of  ordered 
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after  which  you  can  examine  them,  from  time  to  time,  as  oppor- 
tunities may  occur :  in  the  herbarium  above  named,  there  if 
about  300  species  thus  laid  by  for  consideration.  Afterwards, 
when  leisure  permits,  those  generic  covers  in  which  there 
appears  to  be  the  greatest  accumulation  of  loose  specimens 
should  be  examined,  the  species  compared  and  sorted,  new 
species  glued  upon  fresh  half-sheets  of  paper,  and  duplicates 
taken  out  The  advantage  of  this  plan  is,  that,  under  any  cir- 
cumstances, if  it  is  wished  to  consult  a  particular  order,  all 
the  materials  you  possess  will  be  found,  in  some  state  or  other, 
collected  into  one  place.  I  am  persuaded,  that  if  this  simple 
method  were  attended  to,  the  coniusion  now  so  common  in 
herbaria,  and  which  renders  so  many  of  them  almost  useless, 
would  never  exist 

Fruits,  if  large,  will  be  placed  loose  on  shelves,  in  cases 
with  glass  fronts;  or,  if  smaller,  in  little  bottles,  in  which 
also  seeds  should  be  preserved;  each  fruit  or  bottle  being 
labelled,  and  the  whole  arranged  according  to  natural  order. 
Specimens  of  wood  may  be  conveniently  combined  with  a  car- 
pological  collection,  and  arranged  on  the  same  plan.  When 
the  sections  of  wood  are  very  large,  as  is  sometimes  the  case, 
there  may  be  an  extra  compartment  at  the  base  of  the  case,  in 
which  they  can  be  placed. 

The  cases  in  which  the  specimens  are  arranged  may  be 
made  of  any  well-seasoned  timber;  mahogany  is  best;  but 
pine  wood  will  answer  the  purpose.  They  should  consist  of 
little  closets,  of  a  size  convenient  for  moving  from  place  to 
place ;  of  which,  two,  placed  one  on  the  other,  will  form  a 
tier.  Each  closet  should  have  folding  doors,  and  its  shelves 
should  be  in  two  rows:  the  distance  from  shelf  to  shelf 
should  be  six  inches.  The  sides  and  ends  of  the  closets 
should  be  made  of  |  in.  board ;  but  for  the  shelves  f  in.  is 
sufficient 

To  preserve  plants  against  the  depredations  of  insects,  by 
which,  especially  the  little  Anobium  castaneum,  they  are  apt 
to  be  much  infested,  it  has  been  recommended  to  wash  each 
specimen  with  a  solution  of  corrosive  sublimate  in  campho- 
rated spirits  of  wine ;  but,  independently  of  this  being  a  doubt- 
ful mode  of  preservation,  it  is  expensive,  and,  in  large  colleo- 
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tions,  excessively  troublesome.  I  have  found  thai  suspending 
little  open  paper  bags,  filled  with  camphor,  in  the  inside  of  the 
doors  of  my  cabinets,  a  far  more  simple  and  a  most  effectual 
protection.  It  is  true  that  camphor  will  not  drive  away  the 
larvae  that  may  be  carried  into  the  herbarium  in  fresh  speci- 
mens ;  but  the  moment  they  become  perfect  insects  they  quit 
the  cases,  without  leaving  any  eggs  behind  them. 

In  all  large  collections  of  specimens  there  must  necessarily 
be  a  constant  accumulation  of  duplicates :  as  they  are  of  no 
utility  to  the  possessor,  he  will,  if  he  is  a  liberal  man,  and 
wish  well  to  science,  distribute  them  among  his  friends,  or 
other  men  of  science,  in  order  that  the  means  of  observation 
and  examination,  upon  which  the  progress  of  science  depends, 
may  be  multiplied  at  the  greatest  possible  number  of  points. 
He  will   not  hoard   them   up   till  insects,  dust,  and  decay 
destroy  them ;  he  will  not  plead  want  of  leisure  (meaning 
want  of  inclination)  for  looking  them  out,  or,  when  applied  to 
for  them,  invent  some  frivolous  excuse  for  avoiding  compli- 
ance with  the  request ;  on  the  contrary,  he  will  be  anxious  to 
disembarrass  himself  of  that  which  is  superfluous^  and  it  will 
be  his  greatest  pleasure  to  find  himself  able  to  supply  others 
with  the  same   means  of  study  as  himself*     Conduct  with 
regard  to  the  disposal    of  duplicate   specimens  is    a   sure 
sign  of  the  real  nature  of  a  man's  mind.     We  may  be  per- 
fectly certain,  for  all  experience  proves  it,  that  to  be  liberal 
in  the  distribution  of  duplicates,  is  a  sign  of  a  liberal,  gener- 
ous disposition,  and  of  a  man  who  studies  science  for  its  own 
sake ;  while,  on  the  other  hand,  a  contrary  line  of  conduct  is 
an  equally  certain  indication  of  a  contracted  spirit,  and  of  a 
man  who  studies  science  less  for  the  sake  of  advancing  it,  than 
in  the  hope  of  being  aUe  to  gain  some  little  additional  repu- 
tation by  which  his  own  fame  may  be  extended.     A  private 
individual  has,  no  doubt,  a  right  to  do  as  he  likes  with  that 
which  is  his  own,  just  as  a  miser  has  a  right  to  hoard  his 
money,  if  such  is  his  taste;  but,  of  the   keepers  of  public 
collections,  it  is  the  bounden  duty  to  take  care  that  every 
thing  in  their  charge  be  rendered,  in  every  possible  manner, 
available  for  the  advancement  of  science.     For  acting  to  the 

contrary  they  are  publicly  answerable. 
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CHAPTER  VII. 

OF  BOTANICAL   DRAWINGS. 

Another  important  method  of  indicating  and  preserving  the 
characters  of  plants  is  by  means  of  botanical  drawings ;  which, 
if  careiuUy  executed,  and  accompanied  by  magnified  analyses 
of  the  parts  that  are  not  visible  upon  external  inspection,  are 
the  very  best  means  of  expressing  the  peculiarities  of  a  spe- 
cies. But  to  render  drawings  really  useful,  there  are  many 
circumstances  to  be  attended  to. 

In  the  first  botanical  works  that  were  illustrated  by  figures, 
the  drawings  were  rude,  and  ill  calculated  to  convey  any  clear 
idea  of  the  object  they  were  intended  to  represent ;  but  as  a 
knowledge  of  the  science  advanced,  great  improvement  took 
place  in  their  execution,  minute  accuracy  was  introduced  into 
the  outline  of  the  leaves ;  the  form  and  position  of  the  flowers 
were  carefully  expressed ;  and  if  the  parts  of  finictification 
were  neglected,  it  was  because  their  importance  was  not  un- 
derstood. By  degrees,  the  analysis  of  those  parts  began  to  be 
attended  to;  attempts  were  made,  with  various  success,  to 
represent  the  minute  points  in  the  organs  of  fructification. 
At  last,  the  subject  of  carpology  was  taken  up  by  the  cele- 
brated Gaertner,  who  published  two  quarto  volumes,  in  which 
numerous  plates  represented,  often  in  a  magnified  state,  the 
internal  structure  of  fruits,  and  especially  of  their  seeds.  From 
the  appearance  of  this  work,  I  think,  it  is  that  decided  im- 
provements in  the  drawings  of  the  analysis  of  flowers  may  be 
dated.  Since  that  period  botanical  drawings  have  been  grar 
dually  improving,  till,  at  last,  many  have  been  executed  which 
teem  to  leave  nothing  to  be  desired. 

A  botanical  drawing  should  represent  a  branch  of  the  plant 
in  flower,  and  also  in  finiit,  of  the  natural  size,  in  which  dl  the 
characters  of  the  leaves  and  ramifications,  the  direction  and 
relative  position  of  parts,  the  mode  of  expansion,  the  arrange- 
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ment  of  the  flowers,  and,  in  short,  all  that  can  be  seen  by  the 
naked  eye  should  be  accurately  expressed.  It  should  also 
contain  analyses  of  all  the  parts  of  fructification,  magnified  so 
much  that  every  character  may  be  distinctly  seen ;  and  this 
analysis,  to  be  complete^  should  express  the  state  of  the  organs 
of  fructification,  not  only  at  the  period  of  the  expansion  of 
the  flowers,  but  in  the  bud  state,  and  when  arrived  at  perfect 
maturity.  If  to  this  the  germination,  and  vernation,  and 
highly  magnified  anatomical  representations  of  the  tissue  and 
internal  structure  of  the  stem  and  leaves  be  added,  the  draw- 
ing may  be  considered  complete. 

But  as  the  expense  of  preparing  and  publishing  such 
drawings  would  be  enormous,  botanists  usually  content  them- 
selves with  a  representation  of  those  parts  only  that  are  sup- 
posed to  be  most  essential ;  such  as  the  structure  of  the  flower 
when  expanded,  and  of  the  fruit  and  seed  when  ripe ;  and 
this  is  found,  for  systematic  purposes,  sufficiently  complete! 
provided  such  details  as  are  introduced  are  perfectly  clear  and 
correct. 

In  order  to  enable  the  student,  who  is  interested  in  this  sub- 
ject, to  form  a  more  distinct  notion  of  the  relative  utility  of 
botanical  drawings,  a  reference  to  some  of  the  most  perfect 
that  have  yet  been  executed  is  subjoined. 

As  instances  of  the  highest  perfection  of  which  botanical 
drawings  are  at  present  susceptible,  the  volume  of  illustrar 
tions  of  the  structure  of  wheat,  by  Francis  Bauer,  preserved 
in  tlie  British  Museum ;  the  analysis  of  Rafflesia,  published 
in  the  12th  volume  of  the  Linnaean  Transactions,  and  the 
microscopic  drawings  of  the  fructification  of  Orchideous  plants, 
now  in  course  of  publication,  both,  also,  by  the  same  dis- 
tinguished artist,  may  be  justly  said  to  be  entitled  to  the 
highest  place.  Next  to  these  come  the  drawings  of  New 
Holland  plants  in  the  Appendix  to  Flinder's  voyage  to  that 
country ;  and  the  three  fascicles  of  figures  of  New  Holland 
plants  by  Ferdinand  Bauer.  A  very  high  station  is  also 
claimed  by  Hooker's  figures  of  British  Jungermanniae,  in 
which  great  skill,  as  an  artist,  is  combined  with  deep  and 
accurate  microscopic  research.  In  all  these  works  the  details 
of  analysis  are  carried  to  a  great  extent. 
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Among  works  in  which  fewer  details  are  introduced,  espe- 
cial mention  must  be  made  of  the  drawings  of  Palms,  and 
the  figures  that  illustrate  Von  Martius's  Nova  Grenera  et 
Species  Plantarum ;  Turpin's  plates  in  Humboldt  and  Kunth's 
Nova  Genera  Plantarum,  and  Delessert's  Icones  Plantarum ; 
and  some  excellent  analyses  of  the  parts  of  fructification  of 
Rhamnese  and  Bruniacese,  in  his  memoirs  upon  those  orders, 
by  Adolphe  Brongniart. 

Almost  every  scientific  work  of  reputation  of  the  present 
day  contains  figures  which  are  formed  upon  the  models  of  those 
now  enumerated ;  from  which  they  differ  in  the  quantity  of 
analysis  that  is  introduced,  a  circumstance  generally  regulated 
by  the  price  at  which  they  are  published. 

Of  anatomical  plates,  the  best  are  those  of  Kieser,  in  his 
Memoire  sur  I'Organisation  des  Plantes ;  of  Mirbel,  in  his 
Memoire  sur  I'Ovule;  of  Francis  Bauer,  in  his  dissections  of 
Orchideous  plants;  of  Adolphe  Brongniart,  in  his  various 
papers  in  the  volumes  of  the  Annales  des  Sciences,  and  espe- 
ciaUy  of  Mohl,  in  his  illustrations  of  the  anatomy  of  Palms 
and  Tree  ferns. 

I  have  mentioned  these  as  instances  of  good  drawings, 
because  they  are  easily  accessible,  and  incontestably  are  well 
adapted  to  improving  the  taste  and  execution  of  a  student ; 
but  there  are  very  many  other  modern  works,  in  which  the 
figures  may  be  also  studied  with  great  advantage.  Whatever 
bears  the  name  of  Francis  or  Ferdinand  Bauer,  Hooker, 
Greville,  Mirbel,  Poiteau  fils,  Redout^,  Reichenbach,  L.  C. 
Richard,  Sowerby,  Sturm,  Mohl,  or  Turpin,  may  almost 
always  be  profitably  studied. 
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Under  this  head  is  to  be  considered  the  manner  in  which 
plants  are  affected  by  climate  or  station,  and  the  conditions 
under  which  particular  forms  of  vegetation  are  confined  to 
certain  zones  of  temperature ;  as  the  palms  to  the  tropics, 
the  true  pines  to  extra-tropical  regions. 

This  is  one  of  the  most  curious  and  difficult  subjects  with 
which  we  can  occupy  ourselves.  It  embraces  a  consideration 
of  the  constitution  of  the  atmosphere,  and  geological  structure 
of  all  parts  of  the  globe ;  and  of  the  specific  effects  of  par- 
ticular conditions  of  climate  and  soil  upon  vegetation :  all 
points  of  extreme  importance,  concerning  which  existing 
data  are  rarely  sufficient  to  enable  us  to  arrive  at  satis- 
factory conclusions.  It  involves  the  discussion  of  the  plan 
upon  which  the  world  was  originaUy  clothed  with  verdure ; 
and,  as  Humboldt  most  truly  observes,  it  is  closely  connected 
with  "  the  physical  condition  of  the  world  in  general.  Upon 
the  predominance  of  certain  families  of  plants  in  particular 
districts  depend  the  character  of  the  country,  and  the  whole 
face  of  Nature.  Abundance  of  grasses  forming  vast  savannahs, 
or  of  palms,  or  coniferse,  have  produced  most  important  effects 
upon  the  social  state  of  the  people,  the  nature  of  their  manners, 
and  the  d^ree  of  developement  of  the  arts  of  industry.'' 

If  we  examine  the  surface  of  the  globe,  we  shall  find  its 
vegetation  varying  according  to  its  inequalities  and  its  differ- 
ences of  soil ;  we  shall  see  that  the  plants  of  the  valleys  are 
not  those  of  the  mountain,  nor  those  of  the  marsh  like  the 
vegetables  of  the  river  or  of  dry  grounds ;  it  will  also  be  seen 
that  the  vegetation  of  all  valleys,  all  mountains,  marshes,  or 
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rivers,  has  a  similar  character  in  the  same  latitudes.  The 
flora  of  the  granitic  mountains  of  Spain  and  Portugal  is  very 
different  from  that  of  the  calcareous  mountains  of  the  same 
kingdoms;  in  Switzerland,  Teucrium  montanum  always  in- 
dicates a  calcareous  soil ;  and  the  same  may  be  said  of  certain 
Orchises,  ustulata,  and  hircina,  for  instance,  in  our  own  coun- 
try. Hence  it  is  inferred,  that  the  differences  in  the  character 
of  vegetation,  depend  upon  circumstances  connected  with 
the  soil  or  atmosphere  in  which  they  grow.  A  great  deal  of 
ingenious  discussion  upon  this  matter  will  be  foimd  in  De 
CandoUe's  article  on  botanical  geography,  published  in  the 
18th  volume  of  the  Dictionnaire  des  Sciences  Naturettes. 

But  as  I  do  not  observe  much  that  can  be  called  positive  de- 
ductions from  such  facts  as  have  been  ascertained,  I  shall, 
without  entering  into  speculations  as  to  the  causes  why  one 
description  of  plants  grows  in  one  situation,  and  others  in 
another,  confine  mjrself  to  an  exposition  of  the  mere  &cts 
which  appear  to  have  been  hitherto  distinctly  ascertained. 

It  has  been  found  convenient  to  divide  the  surface  of  the 
earth  into  different  stations,  when  treating  of  botanical  geo- 
graphy. In  this  part  of  the  subject  I  shall  adopt  the  arrange- 
ment and  distinctions  of  De  Candolle ;  agreeing  with  him 
that  they  at  least  indicate  the  most  remarkable  differences  of 
station,  if  they  are  not  susceptible  of  any  rigorous  definition. 

He  admits  the  following  classes :  — 

1.  Maritime  J  or  saline  plants ;  that  is  to  say,  those  which, 
without  being  plunged  in  salt  water,  and  floating  on  its  sur- 
face, are  nevertheless  constrained  to  live  in  the  vicinity  of  salt 
water,  for  the  sake  of  absorbing  what  may  be  required  for 
their  nourishment.  Among  these  it  is  requisite  to  distin- 
guish those  which,  like  the  Salicornia,  grow  in  salt  marshes, 
where  they  absorb  saline  principles,  both  by  their  leaves 
and  roots,  from  those  which,  like  Roccella  fuciformis,  exist 
upon  rocks  exposed  to  the  sea  air,  and  appear  to  absorb  by 
their  leaves  alone ;  and,  finally,  a  third  class,  such  as  Eryn- 
gium  campestre,  which  do  not  require  salt  water,  but  which 
live  on  the  sea-coast,  as  well  as  elsewhere,  because  their 
constitution  is  so  robust,  that  they  are  not  affected  by  the 
action  of  salt. 
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2.  Marine  plants^  also  called  Thcdassiophytes  by  M.  Lamou- 
roux,  which  live  either  plunged  in  salt  water  or  floating  on 
its  surface.  These  plants  are  distributed  over  the  bottom  of 
the  sea  or  of  salt  water,  in  proportion  to  the  degree  of  salt- 
ness  of  the  water,  the  usual  degree  of  its  agitation,  the  con- 
tinuity or  intermittence  of  their  immersion,  the  tenacity  of 
the  soil,  and  perhaps  also  the  intensity  of  the  light. 

3.  Aquatic  plants^  living  plunged  in  fresh  water,  either 
entirely  immerged,  as  Confervse ;  or  floating  on  its  surface,  as 
Stratiotes ;  or  fixed  in  the  soil  by  their  roots,  with  the  foliage 
in  the  water,  as  several  kinds  of  Potamogeton ;  or  rooted  in 
the  soil,  and  either  floating  on  the  surface,  as  Nymphaea; 
or  rising  above  it,  as  Alisma  plantago.  This  last  division  is 
very  near  the  following  class. 

4.  Plants  of  fresh  water  marshes,  and  of  very  wet  places, 
among  which  it  is  chiefly  necessary  to  distinguish  those  of 
bogs,  of  marshy  meadows,  and  of  the  banks  of  running 
streams ;  and,  finally,  those  of  places  inundated  in  winter,  but 
more  or  less  dried  up  during  the  summer. 

5.  Plants  of  meadows  and  pastures,  in  the  study  of  which 
it  is  requisite  to  distinguish  those  that  by  their  natural  or 
artificial  association  form  the  turf  of  the  meadow,  and  those 
others  which  grow  mixed  together  with  the  greatest  facility. 

6.  Plants  of  cultivated  soiL  This  class  has  been  entirely 
produced  by  the  agency  of  man :  the  plants  which  grow  in 
cultivated  land  are  those  which,  in  a  wild  state,  preferred 
light  substantial  soils :  many  have  been  transported  from  one 
country  to  another  with  the  seeds  of  other  cultivated  plants. 
Those  individuals  of  the  same  species,  which  are  found  in 
fields,  vineyards,  and  gardens,  are  oflen  different  in  some 
respects  according  to  the  peculiar  manner  in  which  they  have 
been  cultivated. 

7.  JTie  plants  of  rocks;  these  pass  by  insensible  gradations 
to  those  of  walls,  rocky  and  stony  places,  and  even  of  gravel ; 
and  the  latter  soil,  as  its  firagments  diminish  in  size,  conduct 
us  by  degrees  to  the  following  class.  Rock  plants  offer  some 
remarkable  singularities  depending  upon  the  nature  of  the 
rock. 

8.  JTie  plants  of  sands,  or  of  very  barren  soil;  in  the  classi- 
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fication  of  which  much  diflBculty  is  experienced :  thus,  plants  of 
the  sand  of  the  sea-shore  are  confounded  with  saline  plants ; 
those  of  barren  soil  with  the  species  of  cultivated  land,  and 
those  of  coarse  sand  are  not  different  from  those  of  gravel. 

9.  Plants  of  sterile  places  that  are  very  compact,  as  stiff 
clayey  soil,  or  such  as  have  their  surface  hardened  by  drought 
or  heat,  or  those  which  are  trodden  hard  by  man  or  animals. 
This  is  an  heterogeneous  class,  and  contains  plants  of  very 
uncertain  characters. 

10.  Plants  which  follow  man.     These  are  few  in  number  > 
and  more  fixed  in  their  station,  either  in  consequence  of 
nitrous  salts  being  necessary  to  their  existence ;  or  because, 
perhaps,  azotized  matter  is  required  for  their  nutriment. 

11.  Forest  plants^  among  which  are  to  be  distinguished, 
firstly,  the  trees  that  form  the  forest,  and  the  herbs  which 
grow  beneath  their  shade.  The  latter  are  to  be  separated 
into  two  kinds,  those  which  can  support  a  considerable  degree 
of  shade  during  all  the  year,  which  are  found  in  evergreen 
woods ;  or  such  as  require  light  in  the  winter,  like  those  which 
are  found  among  deciduous  trees. 

12.  Bushes  and  hedge  plants.  The  shrubs  which  compose 
this  division  differ  from  the  plants  of  the  forest  in  their  smaller 
size,  and  by  the  thinness  of  their  leaves ;  the  herbaceous  kinds 
that  grow  among  them  are  ordinarily  climbing  plants. 

13.  Subterranean  plants^  which  live  either  in  dark  caverns, 
as  the  byssus,  or  within  the  bosom  of  the  earth,  as  the  truffle. 
These  can  dispense  altogether  with  light,  and  several  cannot 
even  endure  it.  Plants  that  grow  in  the  hollows  of  old  trees 
have  great  analogy  with  those  of  caverns. 

14.  Mountain  plants^  as  subdivisions  of  which  all  the  other 
stations  may  be  taken.  We  generally  class  among  mountain 
plants  such  as,  in  Europe,  are  not  found  lower  than  500 
yards;  but  this  is  quite  an  arbitrary  limit.  The  most  im- 
portant division  is  between  those  which  grow  on  mountains, 
the  summit  of  which  is  covered  with  etemaJ  snow,  and  those  of 
mountains  which  lose  their  crest  of  snow  in  the  summer.  In 
the  former,  the  supply  of  water  is  not  only  continual,  but 
more  abundant  and  colder  as  the  heats  of  summer  advance ; 
in  the  latter,  on  the  contrary,  the  supply  of  water  ceases  when 


BOOK  V.  GEOGRAPHY.  477 

it  becomes  most  requisite.     The  former  are  evidently  much 
more  robust  than  the  latter. 

15.  Parasitical  plants ;  that  is  to  say,  such  as  are  either 
destitute  of  the  power  of  pumping  up  their  nourishment  from 
the  soil,  or  of  elaborating  it  completely ;  or  as  cannot  exist 
without  absorbing  the  juices  of  other  vegetables.  These  are 
found  in  all  the  preceding  stations.  They  may  be  divided 
into,  first,  those  which  grow  on  the  surface  of  others,  as  the 
Cuscuta  and  the  Misletoe :  and,  secondly,  intestinal  parasites, 
which  are  developed  in  the  interior  of  living  plants,  and  pierce 
the  epidermis,  to  make  their  appearance  outwardly,  such  as 
the  Uredo  and  -^idium. 

16.  Epiphytes^  or  false  parasites^  which  grow  upon  either 
dead  or  living  vegetables,  without  deriving  any  nourishment 
from  them.  This  class,  which  has  often  been  confounded 
with  the  preceding,  has  two  distinctly  characterised  divisions. 
The  first  which  approaches  true  parasites,  comprehends  cryp- 
togamous  plants,  the  germs  of  which,  probably  carried  to  their 
stations  by  the  very  act  of  vegetation,  develope  themselves  at 
the  period  when  the  plant,  or  that  part  where  tliey  lie,  begins 
to  die,  then  feed  upon  the  substance  of  the  plant  during  its 
mortal  throes,  and  fatten  upon  it  after  its  decease;  such  are 
Nemasporas  and  many  Sphserias :  these  are  spurious  intestinal 
parasites.  The  second  comprehends  those  vegetables,  whether 
cryptogamic,  such  as  lichens  and  Musci,  or  phanerogamous, 
as  Epidendrums,  which  live  upon  living  plants,  without  de- 
riving any  nutriment  firom  them,  but  absorbing  moisture  firom 
the  surrounding  atmosphere ;  these  are  superficial  false  para- 
sites :  many  of  them  will  grow  upon  rocks,  dead  trees,  or  earth. 

Thus  we  see  that  De  Candolle  has  found  it  necessary 
to  divide  vegetation  into  sixteen  stations.  I  do  not  attach 
much  importance  to  several  of  them,  because  they  are  vague 
and  uncertain  of  application,  and  fi*equently  conunon  to  many 
plants;  but  it  is,  nevertheless,  usefid  to  bear  in  mind,  that 
such  distinctions  do  exist,  and  to  point  them  out  whenever 
they  take  any  very  decided  peculiarity  of  character.  This  is, 
indeed,  indispensable,  in  order  so  enable  us  hereafter  to  form 
any  definite  appreciation  of  the  nature  of  the  influence  of  the 
combined  agency  of  soil,  temperature,  and  atmosphere. 
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The  next,  and  by  far  the  most  important  head  under  which 
the  geographical  distribution  of  plants  is  to  be  considered,  is 
with  reference  to  temperature  and  light.  These  depend, 
firstly,  upon  latitude;  and,  secondly,  upon  elevation  above 
the  sea. 

As  we  proceed  from  the  pole  towards  the  equator,  we  find 
the  temperature  gradually  increasing ;  and,  as  we  ascend  fit>m 
the  surface  of  the  ocean  up  into  the  atmosphere,  we  find  the 
temperature  gradually  decreasing,  until  we  reach  a  point  at 
which  perpetual  firost  holds  his  throne,  and  where  vegetation 
ceases. 

In  like  manner  we  find,  as  we  recede  fi-om  the  equator  to 
the  pole,  we  quit  the  country  of  palms  and  other  arborescent 
monocotyledonous  plants  for  the  habitations  of  deciduous 
dicotyledonous  trees,  Coniferse,  and  cryptogamic  plants ;  and 
that  as  we  rise  into  the  atmosphere  as  considerable  a  change 
takes  place.  Thus,  in  TeneriiFe,  the  foot  of  the  mountain  is 
occupied  by  Crithmum  latifolium,  succulent  Euphorbias,  Plo- 
cama  pendula,  and  Prenanthes  spinosa :  to  these  succeed  vines, 
corn,  Canarina  campanula,  and  Messerschmidia  fruticosa :  a 
third  class,  consisting  of  laurels.  Ilex,  Ardisias,  heaths,  and 
Viburnums,  occupy  the  succeeding  tract.  These  are  sur- 
mounted by  pines,  Cytisus,  and  Spartium  microphyllum ;  and, 
finally,  the  scenery  is  closed  by  Spartium  nubigenum,  Juni- 
perus  oxycedrus,  Scrophularia,  Viola,  and  Festuca.  (See 
Humboldt's  Travels.) 

Therefore,  in  considering  the  matter  of  the  vegetation  of  a 
given  climate,  it  is  necessary  to  take  into  account  the  temper^ 
ature  peculiar  to  the  latitude  itself^  and  the  reduction  caused 
by  elevation. 

The  decrement  of  caloric,  as  we  ascend  into  the  air,  will  be 
understood  by  the  following  table,  calculated  by  Daniell, 
from  observations  made  by  Mr.  Green  the  aeronaut,  in  an 
aerial  voyage  performed  in  1821.  These  are  particularly 
instructive ;  because  they  were  all  made  within  the  space  of 
half  an  hour,  under  circumstances  which  varied  as  little  ai 
possible. 
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The  temperature  at  the  surfitce  of  the  earth  was  -  74° 

at  an  elevation  of  2,952  feet,  was  -  70° 

7,288              -  .  72° 

9,993        -  .  69° 

11,059              -  -  45° 

11,293        -  .  38° 

The  difference  between  the  temperature  of  the  highest  eleva- 
tion and  the  earth's  surface  amounting  to  36°  in  the  space  of 
twenty-seven  minutes. 

The  amount  of  the  decrement  of  heat,  as  compared  with 
that  of  latitude,  has  been  calculated  to  be,  in  France,  equal 
to  one  degree  of  retrogressive  latitude  for  every  540  feet  of 
vertical  elevation ;  that  is  to  say,  the  temperature  of  a  district 
of  3240  feet  of  elevation,  in  45°  N.  lat,,  would  be  equal  to 
the  temperature  of  51®  N.  lat.  on  a  level  with  the  sea.  But, 
from  Humboldt's  computations,  it  appears  that,  nearer  the 
equator,  this  proportion  varies.  He  found,  from  careful  and 
repeated  observations,  between  0  and  3000  feet  of  elevation, 
that  in  the  middle  of  the  temperate  zone^  the  mean  temper- 
ature of  the  year  decreased  in  a  degree  equivalent  to  2°  of 
N.  lat.  for  every  600  feet  of  elevation ;  the  mean  summer  heat 
1°  30';  the  mean  autumnal  heat  1°  24';  or,  on  an  average, 
the  decrement  of  temperature  was  about  1°  of  latitude  for 
every  396  feet  of  elevation.  Temperature  decreasing  in  this 
rapid  ratio,  it  is  evident  that,  if  vegetation  is  affected  by  tem- 
perature, it  will  offer  great  differences  in  the  ascent  of  a 
mountain.  And  accordingly  it  is  found,  as  will  be  seen  by 
the  following  tables,  that  the  nature  of  the  vegetation  towards 
tiie  upper  limits  at  which  plants  grow,  gradually  changes  from 
tiiat  of  the  base  of  the  mountain,  until  plants  entirely  disap- 
pear at  the  limits  of  perpetual  snow. 
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CHIMBORAZO  (ANDES). 
Lat.  2°  30'.  S.  —  Height,  21,450  Feet, 


►* 


Elevation 
in  Feet. 

Mean  Temperature. 

Vegetation. 

0 

3,250 

5,200 

9,750 

11,375 

13,325 

14,300 

15,600 

Of  the  year        -         80° 
Ditto               -        71° 
Ditto             -       eei^ 

Ditto                -         60° 
Ditto                -         46® 

Of  the  year        -        29° 

Palms. 

Palms  cease  to  grow. 

Tree  ferns  cease. 

Cinchonas  cease. 

Alstonias  and  Befarias  cease. 

Grasses  cease. 

Culcitium  rufescens  ceases. 

Limits  of  perpetual  snow. 

POPOCAYAN  (MEXICO). 
Lat  19°20'.  N.  »  Height,  17,550  Feet. 


Elevation 
in  Feet. 

Mean  Temperature. 

Vegetation. 

10,400 
11,375 
13,000 
15,275 

Of  the  year        -        53° 
Of  the  year          -       44° 

Oaks  cease  to  grow. 
Alnus  mezicana  ceases. 
Pinus  occidentalis  ceases. 
Limits  of  perpetual  snow. 

ETNA  (SICILY). 
Lat.  38°  6'.  N.  —  Height,  11,360  Feet. 


Elevation 
in  Feet. 

Mean  Temperature. 

Vegetation. 

Oto  10o| 

1,100 
2,175 
4,350 

6,500 

8,125 

9,750 

10,000 

Of  the  year        -      64°  \ 
Of  July  and  Aug.   76°  J 

Palma,  Musaces,  Sacdiarum. 

Oranges,  olive,  and  rice  coaae  to  grow. 
Vine,  wheat,  and  maiie  cease. 
Oaks  and  chestnuts  cease. 
Rye  and  Pinus  sylvcslris  cease. 
Fagus  sylvestris  and  Betula  become 

shrubs. 
Juniperus  and  Berberis  ceaae. 
Phaenogamous  plants  disappear. 
Lichens  cease. 
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MONT  BLANC  (ALPS). 
Lat.  44®.  N.  —  Height,  15,600  Feet 


Elevation 
in  Feet. 

Mean  Temperati 

lire. 

Vegetation. 

0 

Of  August 

69® 

0 

Of  the  year 

53® 

1,950 

• 

- 

The  vine  ceases. 

2,925 

• 

- 

Castanea  vesca  ceases. 

« 

3,900 

w                           " 

- 

Oaks  cease. 

4,680 

. 

. 

Betula  alba  ceases. 

5,850 

^                           «■ 

. 

Pinus  Abies  ceases. 

6,695 
7,800 

Of  the  year 

32® 

y  Rhododendrons  cease. 

8,190 

. 

« 

Salix  herbacea  ceases. 

8,780 

- 

- 

Limits  of  perpetual  snow. 

MONT  PERDU  (PYRENEES). 
Lat  44®.  N.  —  Height,  11,375  Feet 


Elevation 
in  Feet. 


3,250 
5,280 
6,175 
7,800 

8,780 


{ 


Mean  Temperature. 


Of  the  year 


Of  August 
Of  the  year 


42® 


42® 
25® 


Vegetation. 


Oaks  cease  to  grow. 
Pinus  picea  ceasse. 
Pinus  rubra  and  undnata 

l  Limits  of  perpetual  snow, 


SULITELMA   (LAPLAND). 
Lat  68®  N.  —  Height,  6,175. 


Elevation 
in  Fe. 

Mean  Temperature. 

Vegetation. 

»i 

957 
1,950 1 
2,925 
3,640 1 

Of  the  year        -        34® 
Of  August        -        60® 
or  the  year        -        31® 
Ditto              -         27° 
Of  August        -        54° 

Of  the  year        -        21® 
Of  August        -        49'' 

Pinus  sylvestris  ceases. 

I  Betula  alba  ceases. 
Salix  herbacea  and  lanceolate  cease. 
1  Limits  of  perpetual  snow. 
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The  effect  of  elevation  is  not,  in  Europe,  the  same  with  all 
plants ;  there  are  many  that  grow  indifferently  upon  the  plains 
and  upon  mountains  as  high  as  perpetual  snow.  De  Can- 
dolle  speaks  of  700  instances,  with  which  he  is  acquainted,  of 
the  prevalence  of  this  law.  But,  on  the  other  hand,  there  are 
many  plants,  the  limits  of  which  are  strictly  circumscribed  by 
elevation  or  equivalent  temperature;  as,  for  example,  the 
chestnut  does  not  rise  higher  in  the  Swiss  Alps,  in  the  parallel 
of  45**,  than  2400  feet :  on  Etna,  in  latitude  38^,  it  reaches 
no  higher  than  4000  feet  Many  of  the  plants  found  on 
plains  in  the  north  of  Europe  occupy  the  mountains  of  the 
south.  The  olive,  in  44°  of  latitude,  its  most  northern 
range,  will  not  grow  at  a  greater  elevation  tlian  1200  feet. 
In  general  it  is  found  that,  as  we  approach  the  equator, 
vegetation  becomes  more  and  more  affected  by  elevation ;  and 
that  as  we  recede  from  it  the  effects  of  elevation  gradually 
cease. 

The  cause  of  the  influence  of  elevation  upon  plants  is 
ascribed,  in  the  first  place,  to  reduced  temperature ;  secondly, 
to  a  greater  intensity  of  solar  light ;  and,  thirdly,  to  a  decrease 
in  humidity.  The  rate  at  which  temperature  decreases  as  we 
ascend  from  the  surface  of  the  earth  varies  according  to 
latitude:  Humboldt  has  shown  that,  in  the  temperate  and 
torrid  zones,  the  decrement  of  heat  is  essentially  different.  In 
the  equatorial  zone,  the  temperature  of  the  region  lying  at 
the  height  of  between  3000  and  6000  feet,  —  on  which  the 
clouds  repose  that  are  visible  to  the  natives  of  tlie  plains,  — 
decreases  much  more  slowly  than  either  above  or  below  that 
elevation ;  but,  in  the  temperate  zone,  the  decrease  is  more 
gradual.  In  proof  of  this  the  following  table  has  been  formed 
by  Humboldt :  — 
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Elevation 

above  the  Sea 

in  Feet. 

Equatorial  Zone, 
Lat.  0*^—21^. 

Temperate  Zone. 
Lat.45**— 47®. 

Mean  Temperature 
of  the  Year. 

Difference. 

Mean  Temperature 
of  the  Year. 

Diff*erenGe. 

0 

80"^ 

12° 

4® 

9*^ 

IP 

10® 

53^^ 

12° 
90 

90 

3,000 

6B*^ 

41° 

6,000 

64<» 

32° 

9,000 

55<* 

23° 

12,000 

44« 

15,000 

34° 

The  diminution  of  the  density  of  the  air  as  we  ascend 
produces  a  corresponding  increase  in  the  intensity  of  the  light ; 
a  circumstance  in  which  high  elevation  has  been  said  to  cor- 
respond with  high  latitudes ;  but  this  is  doubtful. 

It  is  said  that  the  humidity  of  the  atmosphere  decreases  as 
we  ascend,  and  that  to  this  may  be  ascribed  much  of  the 
effect  produced  upon  vegetation  by  great  heights.  That  the 
humidity  of  the  atmosphere  does  much  affect  vegetation  is  not 
to  be  doubted ;  and  if  it  were  certain  that  the  air  became 
gradually  drier  as  we  ascend,  a  second  cause,  as  powerful  as 
that  of  temperature,  would  be  found  for  the  effects  of  elevation 
upon  vegetation.  But  it  is  certain  that  the  humidity  of  the 
air  does  not  change  gradually,  as  we  ascend,  with  the  cha- 
racter of  vegetation  ;  on  the  contrary,  it  has  been  found  that 
atmospheric  humidity  is  either  uniform  or  increased  to  heights 
far  beyond  imiformity  of  vegetation,  and  then  suddenly  di- 
minishes to  a  large  amount,  vegetation  not  suddenly  altering 
with  it ;  so  that  it  would  seem  as  if  the  atmosphere  were  com- 
posed of  deep  beds  of  air,  suddenly  differing  from  each  other 
in  the  elasticity  of  their  aqueous  vapour. 

From  observations  made  by  Capt.  Sabine,  with  a  Daniell's 
hygrometer,  at  Ascension,  it  appears  that,  on  that  island,  at 
seventeen  feet  above  the  sea,  the  amount  of  dryness  was  5° ; 
and,  at  2237  feet  higher,  was  3^  5' ;  so  that,  in  this  case,  the 
air  became  more  humid  as  he  ascended.  At  Trinidad  the 
amount  of  dryness  on  a  level  with  the  sea  was  5^ ;  at  1060 
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feet  higher  the  air  was  saturated  with  moisture ;  in  this  in- 
stance, also,  humidity  increased  with  elevation.  At  Jamaica 
it  was  found  that,  on  a  level  with  the  sea,  the  degree  of  dry- 
ness was  7° ;  at  4080  feet  higher  the  air  was  saturated  with 
moisture ;  but  at  4580  feet  the  dryness  was  16®.  Hence  it 
is  to  be  inferred  that,  in  these  observations,  the  lower  bed  of 
the  atmosphere  was  not  passed  through,  eitlier  at  Ascension 
or  in  Trinidad ;  but  that,  in  Jamaica,  it  had  been  left  below 
at  the  time  the  tliird  observation  was  taken  ;  and  that  in  that 
island  the  lower  stratum  of  air  is  something  more  than  4000 
feet  deep.  In  Mr.  Green's  voyage  the  degree  of  dryness  of 
the  air,  at  an  elevation  of  9893  feet,  was  5®,  nearly  the  same 
as  it  was  observed  to  be  on  the  surface  of  the  earth  below  at 
the  same  time;  but,  at  11,059  feet,  it  was  13°;  and  at  11,293 
feet,  the  highest  point  at  which  an  observation  was  made,  it 
was  still  13°  ;  so  that  it  would  seem  tliat  the  humidity  of  the 
atmosphere,  at  that  time,  did  not  vary  tlirough  a  bed  of  air 
rising  perhaps  2000  feet  beyond  the  highest  limits  of  vegetar 
tion  in  Europe. 

It  must  be  confessed  that  these  observations  are  by  no 
means  sufficiently  numerous  to  become  the  foundation  of  any 
thing  connected  with  the  effect  of  elevation  upon  the  cha- 
racters of  plants ;  but  they,  at  least,  answer  the  purpose  of 
showing  that,  in  the  present  state  of  our  information,  the 
effects  of  humidity  are  not  appreciable  in  investigating  the 
subject. 

Whether  the  increased  rarity  of  the  air,  as  we  ascend,  has 
any  effect  upon  vegetation,  is  not  determined.  It  is  not  easy 
to  say  in  what  way  it  can  act,  according  to  any  yet  known 
physiological  laws,  unless,  as  De  Candolle  remarks,  in  supply- 
ing an  insufficient  quantity  of  oxygen  for  absorption.  But, 
as  we  find  plants  of  the  plains  grow  indifferently  on  the  hi^est 
mountains,  it  does  not  seem  that  there  is  any  such  diminution 
of  oxygen  as  interferes  with  the  operations  of  vegetation. 
The  diminution  of  atmospheric  pressure,  which  of  course 
takes  place  at  high  elevations,  may  facilitate  evaporation ;  but 
we  have  yet  to  learn  in  what  precise  way  that  phenomenon 
influences  vegetation. 
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From  what  has  now  been  said,  all  that  is  apparent  is,  that, 
as  we  ascend  in  the  atmosphere,  temperature  diminishes  and 
light  increases  in  a  proportion  corresponding,  to  a  certain 
degree,  with  the  climate  of  higher  latitudes ;  but  even  to  this 
there  are  exceptions,  depending  upon  particular  circum- 
stances, and  especially  upon  the  amount  of  summer  heat,  of 
which  more  will  be  said  presently.  Thus,  at  Enontekissi,  in 
Lapland,  in  68**  30'  N.  lat,  at  an  elevation  of  1356  feet  above 
the  sea,  a  climate  which,  from  its  situation,  should  be  scarcely 
clothed  with  herbage.  Von  Buch  found  corn,  orchards,  and  a 
rich  vegetation. 

Having  now  seen  what  great  differences  are  produced  in 
the  characters  of  vegetation  by  elevation  above  the  sea,  let  us 
next  take  a  view  of  the  influence  caused  by  latitude.  In  the 
countries  lying  near  the  equator,  the  vegetation  consists  of 
dense  forests  of  leafy  evergreen  trees,  palms,  and  arborescent 
ferns,  among  which  arc  intermingled  epiphytal  herbs  and 
rigid  grasses :  there  are  no  rich  verdant  meadows,  such  as 
form  the  cliief  beauty  of  our  northern  climate ;  and  the  lower 
orders  of  vegetation,  such  as  mosses,  fungi,  and  confervse,  are 
very  rare :  Myrtaceae,  Melastomaceoc,  Musaceo?,  Piperaceoe, 
Scitamineae,  and  frutescent  Compositae  abound.  As  we  re- 
cede from  the  equator  these  gradually  give  way  to  trees  with 
deciduous  leaves,  to  Coniferae,  Rosacea^,  and  Amentaceae; 
rich  meadows  appear,  abounding  with  tender  herbs;  the 
epiphytal  Orchideae  disappear,  and  are  replaced  by  terres- 
trial fleshy-rooted  species ;  mosses  clothe  the  trunks  of  aged 
trees ;  decayed  vegetables  are  covered  with  parasitical  fungi ; 
and  the  waters  abound  with  Conferva?.  Approaching  the  poles, 
trees  wholly  disappear;  dicotyledonous  plants  of  all  kinds 
become  comparatively  rare;  and  grasses  and  crj'ptogamic 
plants  constitute  the  chief  features  of  vegetation.  To  what 
cause,  except  that  of  temperature,  and  perhaps  light,  these 
effects  are  to  be  ascribed,  is  unknown.  They  are  found  to 
exist  equally  towards  either  pole ;  and  it  is  evident,  from  the 
unifonn  manner  in  which  the  influence  of  the  controlling 
cause,  whatever  it  may  be,  is  exercised,  that  the  laws  under 
which  the  geographical  distribution  of  plants  is  determined, 
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are  as  certain  and  immutable  as  any  of  those  with  the  nature 
of  which  we  are  acquainted.  It  is  probable  that  temperature 
is  the  principal  cause,  from  the  well-knoi*Ti  fact  that  the 
vegetable  productions  of  hot  climates  can  be  successfully  cul- 
tivated in  cold  ones  by  the  aid  of  heat ;  and  that  the  plants  of 
cold  climates  may  be  cultivated  in  hotter  climates  by  an  arti- 
ficial reduction  of  temperature.  But  that  other  causes  also 
operate,  is  apparent  from  the  impossibility  of  cultivating  the 
plants  of  any  high  latitudes  in  those  considerably  to  the  south. 
Thus,  when  li\'ing  plants  were  brought  to  England  from  Mel- 
ville Island,  no  means  whatever  could  be  discovered  of  keeping 
them  alive,  although  the  temperature  at  which  they  were  main- 
tained did  not  materially  vary  from  that  to  which  they  must 
have  been  often  exposed,  in  the  summer  season,  in  their  own 
climate.  Assuming,  however,  for  the  present,  that  temper- 
ature is  the  most  efficient  cause  of  variety  in  the  distribution 
of  plants,  the  first  point  to  consider  is,  how  far  temperature 
and  latitude  are  uniformly  the  same  in  either  hemisphere. 
This  has  been  discussed,  with  his  habitual  skill,  by  Humboldt, 
of  whose  obser\'ations  I  must  avail  myself  in  nearly  all  that  I 
can  say  upon  the  subject.  According  to  this  observer,  the 
geographical  parallels  of  latitude  do  not  indicate  correspond- 
ing temperature,  either  in  the  old  and  new  world,  or  in  the 
northern  and  southern  hemispheres.  In  the  new  world  the 
temperature  decreases  more  rapidly  as  we  recede  from  the 
equator  than  in  the  old  world ;  and  in  the  southern  hemi- 
sphere, beyond  the  parallel  of  34^,  the  summers  are  colder  than 
in  corresponding  latitudes  of  the  northern  hemisphere;  but 
the  winters  milder.  On  this  account  Humboldt  concludes 
that  *^  the  lines  of  equal  mean  annual  heat,  which  may  be 
called  isothermal^  are  not  parallel  with  the  equator,  but  inter- 
sect the  geographical  parallels  at  a  variable  angle." 

The  following  table  shows  the  difference  in  the  mean  annual 
heat  of  the  same  latitudes  in  the  old  and  new  worlds :  — 
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Latitude. 

Mean  Heat  of  the  Year  in  the 

Difference. 

Old  World. 

New  World. 

0*» 
20 
30 
40 
50 
60 

80P 

77 

70 

63 

50 

40 

80® 

77 

67 

54 

38 

24 

OP 

0 

3 

9 
12 
16 

Hence  it  appears  that  the  old  world  is  much  warmer  than 
the  new,  and  that  the  temperature  of  America  does  not  de- 
crease, from  Florida  to  the  Gulf  of  St.  Lawrence,  in  the 
same  ratio  as  in  Europe,  from  Egypt  to  Scandinavia.  But 
although,  in  the  temperate  parts  of  North  America,  the  mean 
annual  heat  of  a  given  place  is  the  same  as  that  of  Europe 
some  degrees  more  to  the  northward,  yet  the  temperature  of 
particular  seasons  does  not  accord  in  the  same  degree ;  but  the 
colder  the  winters  the  hotter  the  summers  are  found :  thus,— 


The  summer  of  Philadelphia,  lat.  39"^  56'  N.  is  the 

sameas  that  of  Rome  .  .  . 

The  winter  of  Philadelphia,  lat.  39°  56'  N.  is  the 

same  as  that  of  Vienna  .  -  . 

The  summer  of  Quebec,  lat.  46^  ^7^  N.  is  hotter 

than  that  of  Paris  .... 
ITie  winter  of  Quebec,  lat.  4G°  47'  N.  is  colder 

than  thatofSt.  Petersburgh         .  .  . 


lat.  41°  53'  N. 
lat.  48°  13'N. 
lat.  48°  50'  N. 
lat.  59°  5&  N. 


In  general,  the  summers  of  the  temperate  parts  of  North 
America,  as  far  as  40^  N.  lat,  are  about  4^  warmer  tlian  in 
Europe  under  the  same  isotliermal  parallel ;  whence  it  can  be 
understood  why  magnolias  and  other  equinoctial-looking  trees 
extend  so  far  to  the  north,  since,  in  the  parallel  of  36°,  the 
summer  heat  to  which  these  trees  are  exposed  scarcely  differs 
from  the  mean  annual  heat  of  the  equator.  It  is,  therefore, 
extremely  important  in  the  study  of  botanical  geography,  to 
take  into  account,  not  only  tlie  mean  temperature  of  the  year, 
but  also  the  mean  summer  heat 

According  to  Barton,  the  climate  to  the  tcest  of  the  Alle- 
ghany mountains  is  much  warmer  than  that  on  the  east,  or 
Atlantic  side,  where  the  same  plants  exist  3^  or  4^  higher  up 
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on  the  west  than  on  the  east  side  of  the  range.  It  is  probabloi 
however,  that  this  difference  does  not  extend  higher  up  than 
Lake  Erie,  in  42^  N.  lat ;  for,  both  beyond  Lake  Superior 
and  Hudson's  Bay,  the  earth  is  said  to  be  constandy  firozen  at 
three  feet  from  the  surface ;  a  phenomenon  which  also  occurs 
in  Siberia,  about  the  river  Lena,  in  about  62^  N.  lat,  near 
the  town  of  Jakutsk ;  while,  in  Lapland,  in  70^  near  Vadsoe, 
the  temperature  of  the  earth  is  found  to  be  as  much  as  3^ 
or  4^  above  the  freezing  point ;  whence  it  appears  that  the 
climate  of  the  north  of  Europe  is  warmer  than  that  of  the 
same  latitudes  in  Asia  and  America.  We  therefore  shaU  not 
be  far  away,  if  we  conclude  that  the  isothermal  lines  bend 
towards  the  tropics  in  Europe,  and  towards  the  poles  in  Tar- 
tary  and  America. 

As  we  approach  the  equator  there  appears  to  be  litde  differ- 
ence in  the  mean  temperature  of  the  year,  either  in  the  new 
or  old  world. 

Of  the  Old  World. 

The  mean  temperature  of  Senegal  is  79.7^  in  lat  24^  SO*  N. 

of  Madras  is  80.4*^  in  lat.  13**  5'  N. 
of  Batavia  is  77.4°  in  lat.  6°  KK  S. 
of  Manilla  is  78.0''  in  lat.  W  N. 

Of  the  New  World. 

The  mean  temperature  of  Cumana  is  81.6°  in  lat.  10°  27^  N. 

of  the  AntiUes  is  81.6°  in  lat  15°  N. 
of  Vera  Cruz  is  78.0°  in  lat  19°  l^N. 
of  Havannah  is  78.0^  in  lat  23°  12'  N. 

It  is  probable,  however,  that  the  summers  of  Asia  are  more 
fervid  than  those  of  America ;  for,  according  to  Roxburgh, 
the  mean  temperature  of  Madras,  in  latitude  13°  5'  N.,  in  the 
month  of  July,  is  89.4° ;  while  that  of  Cumana,  in  latitude 
10°  27',  does  not  exceed  84.4°. 

To  the  south  of  the  equator,  the  temperature  of  the  east 
seems  to  be  higher  than  that  of  corresponding  latitudes  in 
the  west :  thus,  the  mean  temperature  of  the  Mauritius,  in 
20°  9'  S.  lat,  has  been  ascertained  to  be  80^° ;  while  that  of 
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Rio  Janeiro,  in  latitude  20^  59^  S.,  is  as  low  as  74.3^ ;  and  at 
the  Havannah,  in  nearly  the  same  parallel  in  the  northern 
hemisphere,  it  ranges  between  77*^  and  77,9**.  The  whole  of 
the  western  coast  of  South  America,  as  far  as  the  sands  of 
Peru,  in  latitude  10**  and  14^  S.,  are  affected  so  much  by  the 
continual  prevalence  of  clouds  and  the  low  temperature  (59.9^) 
of  the  currents  setting  round  Cape  Horn,  that  the  mean  tem- 
perature of  the  year  in  those  parts  does  not  exceed  68**  or  69**. 
Hence  the  plants  of  Lower  Peru  live  in  a  temperature  not  ex- 
ceeding, by  day,  68**  or  72%  and  by  night  59**  or  62**.  Near 
the  coast  Humboldt  observed  the  thermometer  as  low  as  even 
55.4**  in  12^  2'  S.  lat  With  this  exception,  there  is  little  dif- 
ference in  the  temperature  of  the  southern  hemisphere  as  low 
as  34**  S.  lat,  either  in  New  Holland,  Africa,  or  America. 
The  mean  temperature  of  Port  Jackson,  in  33^  51'  S.  lat,  has 
been  ascertained  to  be  66.6** ;  of  the  Cape  of  Good  Hope,  in 
33**  55'  S.  lat,  to  be  66.8<* ;  and  of  Buenos  Ayres,  in  34**  36' 
S.  lat,  to  be  67.6**.  In  the  northern  hemisphere  the  mean 
temperature,  in  latitude  34**,  is  67.8**.  It  is  extremely  pro- 
bable that,  as  far  as  the  parallel  of  57**  S.  lat,  the  differences 
in  the  temperature  of  the  two  hemispheres  are  greater  in  the 
summer  than  the  winter.  The  cold  of  the  Falkland  Islands, 
in  latitude  51^**  S.,  is  less  tlian  that  of  London  in  the  same 
latitude  to  the  north.  The  arborescent  ferns  and  epiphjrtal 
Orchideas  are  often  injured  by  the  cold  in  Van  Diemen's 
Island,  latitude  42**  S. ;  and  in  the  southern  part  of  New 
Zealand,  latitude  46**  S.,  Cook  observed,  in  latitude  43**- 
44**  S.,  in  July  in  the  middle  of  winter,  that  the  thermometer 
at  noon  was  usually  between  46*^  and  51^.  At  Rome,  latitude 
41**  53'  N.,  the  thermometer  at  noon  in  January  rarely  reaches 
51° — 53**:  in  Paris  the  mean  noon-day  temperature  of  January 
is,  according  to  Arago,  38.7**.  For  this  reason  it  is  supposed 
that  the  climate  of  the  southern  hemisphere  does  not  differ 
from  that  of  the  north  so  much  in  the  greater  coldness  of  the 
winters  as  of  the  summers.  According  to  Humboldt,  the 
greatest  heat  in  the  parallels  of  48**  and  58**  of  S.  lat  does 
not  exceed  43.7**— 46.8° ;  while  at  St.  Petersburgh  and  Umea, 
in  59°  66'  and  63°  50'  N.  lat.,  it  is  65.2°  and  62.6°.  In  the 
Straits  of  Magellan,  between  53**  and  54**.  S.  lat,  snow  falls 
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almost  daily  in  the  middle  of  summer;  and,  in  the  same  place, 
in  the  middle  of  December,  the  sun  not  setting  for  eighteen 
hours  together,  Krusenstern  observed  that  the  thermometer 
never  rose  higher  than  52^;  while,  on  the  contrary,  Von 
Buch  remarked  it  as  high  as  79.4**  in  Lapland  under  the 
parallel  of  70°.  In  60**  S.  lat.,  which  nearly  answers  to  the 
position  of  St.  Petersburgh  in  the  northern  hemisphere.  Cook 
and  Forster  found  the  temperature  at  midsummer  not  higher 
than  36° ;  and  icicles  were  continually  forming  on  their  ship. 
Even  in  the  extreme  points  of  Lapland,  in  70®  N.  lat,  the 
pines  attain  the  height  of  sixty  feet ;  while  at  the  Straits  of 
Magellan  and  in  Station  Island,  near  New  Year's  Harbour, 
in  latitude  55°  S.,  nothing  like  a  tree  is  found,  except  scrubby 
birches  and  Wintereae. 

Viewing  the  distribution  of  plants  with  respect  to  longitude, 
we  find  that,  while  the  great  forms  of  vegetation  are  wholly 
controlled  by  circumstances  attendant  upon  the  parallels  of 
latitude,  there  are  wide  differences,  of  a  secondary  nature, 
which  correspond  in  some  with  tlie  parallels  of  longitude; 
and  that  particular  genera  and  species  do  not  extend  beyond 
the  limits  of  particular  districts,  to  which  they  give  peculiar 
features.  Thus,  in  North  America,  on  the  east  of  the  Rocky 
Mountains,  azaleas,  rhododendrons,  magnolias,  vacciniums, 
actaeas,  and  oaks,  form  the  principal  features  of  the  landscape ; 
while,  on  the  western  side  of  the  dividing  ridge,  these  genera 
almost  entirely  disappear,  and  no  longer  constitute  a  striking 
characteristic  of  the  vegetation.  The  genera  of  Proteaceae 
and  the  Ericese,  at  tlie  Cape  of  Good  Hope,  are  replaced  in 
New  Holland  by  different  genera  of  Proteaceae,  and  by  Epa- 
crideae ;  while  neither  the  one  nor  the  other  exist  on  the  con- 
tinent of  South  America,  with  the  exception  of  some  Rhopalas. 
The  natural  order  of  Bromeliaceae  is  exclusively  confined  to 
America :  Calathea,  a  genus  of  Marantaceas,  is  only  found  on 
the  same  continent :  cinnamon,  cloves,  and  nutmegs  are  con- 
fined to  the  Indian  Archipelago ;  and  hundreds  of  other  in- 
stances are  to  be  named  of  similar  exclusive  stations.  Whether 
these  differences  depend  upon  geological  causes,  or  arise  fit)m 
some  other  circumstances,  is  entirely  unknown. 

Such  are  the  most  striking  facts  connected  with  the  dis* 
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tribution  of  temperature  with  respect  to  vegetation.  It  will 
have  been  seen  that  little  is  known  of  the  proportion  of 
humidity  in  the  atmosphere  of  different  climates,  and  that  the 
amount  of  light  in  various  latitudes  has  scarcely  been  noticed. 
That  the  effect  of  both  these  agents  upon  vegetation  is  most 
important,  cannot  be  doubted ;  especially  of  the  latter,  upon 
which  the  most  material  vital  functions  of  vegetation  mainly 
depend :  but,  unfortunately,  there  are  no  data  from  which  the 
precise  amount  or  action  of  light  in  different  latitudes  can  be 
appreciated. 

I  shall  now  proceed  to  state  what  is  known  or  conjectured 
of  the  distribution  of  the  different  orders  or  divisions  of  vege- 
tables over  the  surface  of  the  globe.  In  doing  this,  I  shall 
merely  translate  a  portion  of  the  very  valuable  essay  of 
Humboldt  upon  the  subject,  as  published  in  the  Dictiormaire 
des  Sciences  Naturelles,  vol.  xviii.  p.  422.,  in  which  is  compre- 
hended the  sum  of  all  that  is  known  of  the  laws  that  are 
observed  in  the  distribution  of  the  various  forms  of  vege- 
tation. —  "  The  numerical  relations  of  the  forms  of  vegetation 
are  capable  of  being  investigated  in  two  very  different  modes. 
Supposing  that  the  natural  families  of  plants  are  studied 
without  reference  to  their  geograpliical  distribution,  the  ques- 
tion wiU  arise  as  to  which  type  of  organisation  it  is  after 
which  the  greatest  number  of  species  have  been  created.  Are 
there  most  Glumacese  (Cyperaceas,  Graminesp,  and  Junceae, 
are  so  called  by  Humboldt),  or  Composite  in  tlie  world? 
Do  these  two  tribes  together  constitute  a  fourth  part  of  phae- 
nogamous  vegetation  ?  What  proportion  is  borne  by  Monoco- 
tyledones  to  Dicotyledones  ?  Questions  of  tliis  kind  refer 
rather  to  the  science  of  vegetable  organisation  and  of  mutual 
affinities.  But  if,  instead  of  studying  natural  groups  of  spe- 
cies in  this  abstract  manner,  we  view  them  with  reference  to 
the  relations  they  bear  to  climate  or  to  the  distribution  over 
the  surface  of  the  globe,  other  questions  of  a  much  more 
varied  nature  will  arise.  Which  families,  for  instance,  are 
more  predominant  in  the  torrid  zone  than  in  the  polar  circle  ? 
Are  Compositae  more  numerous  in  the  same  parallel  of  latitude 
or  in  the  same  isothermal  line  in  the  old  world  or  the  new? 
Do  those  forms  which  are  found  to  diminish  in  retreating  from 
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the  equator  to  the  pole  follow  a  similar  law  of  decrement  in 
rising  from  the  plains  into  the  mountains  of  the  equator  ?  Do 
the  proportions  borne  by  one  family  to  another  vary  on  the 
same  isothermal  line ;  and  are  such  proportions  the  same  on 
either  side  of  the  equator?  These  are,  properly  speaking, 
questions  of  geographical  botany :  they  are  connected  with 
the  most  important  problems  of  meteorology,  and  of  the 
physics  of- the  globe  in  general. 

"  In  studying  the  geographical  distribution  of  particular 
forms,  we  can  pause  either  at  a  consideration  of  particular  spe- 
cies, genera,  or  natural  families.  It  often  happens  that  a  parti- 
cular species,  especially  of  those  kinds  which  I  liave  called 
social,  covers  a  vast  extent  of  country  :  such,  for  instance,  are, 
in  the  north,  the  heaths  and  forests  of  pines;  such  are,  in 
equinoctial  America,  the  assemblages  of  multitudes  of  Cactus, 
Croton,  Bambusa,  and  Brathys,  of  the  same  species.  It  is 
curious  to  examine  such  instances  of  multiplication  and  organic 
developement.  We  may  enquire  what  species,  in  a  given 
zone,  produces  the  greatest  number  of  individuals  ;  and  we 
may  mark  the  families  to  which  the  predominant  species 
belong  in  different  climates. 

"  In  a  northern  climate,  where  Compositae  and  ferns  are  to 
phaenogamous  plants  in  the  relation  of  one  to  thirteen,  and  of 
one  to  twenty-five  (tliat  is  to  say,  when  these  proportions  are 
found  by  dividing  the  total  number  of  phasnogamous  plants 
by  the  number  of  Compositae  and  ferns),  one  single  species  of 
fern  may  occupy  ten  times  as  much  land  as  all  the  Compositae 
put  together.  In  such  a  case,  ferns  would  exceed  Compositae 
by  their  mass^  by  the  number  of  individuals  belonging  to  par- 
ticular species  of  Pteris  or  Polypodium  ;  but  they  would  not 
exceed  them  if  a  comparison  were  instituted  between  the  dif- 
ferent forms  exhibited  by  the  two  groups  of  Compositae  and 
ferns,  and  the  sum  total  of  phaenogamous  species.  As  the 
multiplication  of  all  species  does  not  follow  a  single  law,  and 
as  tliey  do  not  all  produce  an  equal  number  of  individuals, 
the  quotients  obtained  by  dividing  the  total  number  of  phaeno- 
gamous plants  by  the  number  of  species  of  different  families 
do  not  by  themselves  determine  the  aspect,  or,  it  might  almost 
be  said,  the  nature,  of  the  monotony  of  vegetation  in  different 
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quarters  of  the  world.  A  traveller  is  often  surprised  at  the 
continual  repetition  of  individuals  of  one  species,  and  of  the 
masses  of  such  individuals  which  are  continually  occurring ; 
but  he  has  equal  reason  to  wonder  at  the  rarity  of  other  spe- 
cies which  are  useful  to  mankind.  Thus,  in  countries  where 
whole  forests  are  formed  by  Rubiaceae  (Cinchonaceae),  Legu- 
minosae,  and  Terebinthaceae,  the  Cinchonas,  logwood,  and 
basalm  trees  are  comparatively  very  rare. 

^^  In  the  consideration  of  species,  the  subject  may  also  be 
viewed  in  an  absolute  manner  with  reference  to  the  number  of 
species  which  prevail  in  particular  zones.  This  interesting  kind 
of  comparison  has  been  made  in  M.De  Candolle's  grand  work, 
and  Mr.  Kunth  has  carried  it  into  effect  with  more  than  3500 
Compositae  now  known.  It  does  not,  indeed,  indicate  what 
families  predominate,  in  a  given  degree,  over  other  phaenoga- 
mous  plants,  either  with  regard  to  the  number  of  species,  or 
the  mass  of  individuals;  but  it  determines  the  niunerical 
relations  of  species  of  the  same  family  in  different  latitudes. 
The  most  varied  forms  of  ferns,  for  instance,  are  found  in  the 
tropics;  it  is  in  the  mountainous,  temperate,  humid,  and 
shady  regions  of  those  parts  of  the  world,  that  the  family  of 
ferns  produces  the  greatest  number  of  species.  In  the  tem- 
perate zone  there  are  fewer  than  in  the  tropics,  and  the  total 
number  continues  to  decrease  as  we  approach  the  pole ;  but 
as  a  cold  country,  Lapland,  for  instance,  produces  species 
that  have  a  greater  power  of  resisting  low  temperature  than 
the  great  mass  of  phaenogamous  plants,  it  happens  that,  in 
Lapland,  the  relative  proportion  borne  by  ferns  to  the  rest  of 
the  flora  is  greater  than  in  France  or  Germany.  The  nume- 
Heal  relations  which  appear  in  the  tables  that  are  now  about 
to  be  produced,  are  entirely  unlike  the  relations  indicated 
by  an  absolute  comparison  of  the  species  that  vegetate  under 
different  parallels  of  latitude.  The  variation  which  is  observ- 
able in  proceeding  from  the  equator  to  the  poles  is  conse- 
quently different  in  those  two  methods.  In  that  of  fractions, 
which  is  adopted  by  Mr.  Brown  and  myself,  there  are  two 
causes  of  variation ;  that  is  to  say,  the  total  numbers  of  phae- 
nogamous  plants  do  not  vary  in  passing  from  one  parallel  of 
latitude,  or  rather  from  one  isothermal  zone  to  another,  in 


494  GEOGRAPHY.  BOOK  V. 

the  same  proportions  as  the  number  of  species  of  a  given 

family. 

"  If  from  species  or  individuals  of  the  same  form,  which  re- 
produce themselves  in  conformity  to  certain  fixed  laws,  we 
pass  to  those  divisions  of  the  natural  system  which  are  ab- 
stractions  of  different  degrees  of  importance,  we  may  either 
confine  ourselves  to  genera,  or  orders,  or  sections  of  a  still 
higher  degree.  There  are  certain  genera  and  families  which 
belong  exclusively  to  certain  zones,  and  a  particular  com- 
bination of  the  conditions  of  climate ;  but  there  is  also  a  great 
number  of  genera  and  families,  of  which  we  find  represent- 
atives under  all  zones  and  at  all  elevations.  The  earliest 
researches  upon  the  geographical  distribution  of  forms  were 
those  of  M.  Treviranus,  published  in  his  ingenious  work  on 
Biology  (voLii.  pp.  47.  63.  83.  129.),  and  the  object  of  these 
was  the  stations  of  genera  upon  the  globe.  But  it  is  more 
difficult  to  obtain  general  results  from  such  a  method  than 
from  that  which  compares  the  number  of  species  of  each 
family,  or  the  great  groups  of  a  particular  family,  to  the  whole 
mass  of  phaenogamous  plants.  In  the  frozen  zone,  the  variety 
of  genuine  forms  does  not  diminish  in  any  thing  like  the 
degree  of  decrement  of  species;  a  greater  number  of  genera,  in 
a  given  number  of  species,  is  always  to  be  found  in  such 
countries :  and  so  it  also  is  with  the  summits  of  high  moun- 
tains, which  are  colonised  by  a  great  number  of  genera  sup- 
plied by  the  more  abundant  vegetation  of  the  plains. 

"  It  is  very  instructive  to  study  the  vegetation  of  the 
tropics  and  of  the  temperate  zone  between  the  parallels  of 
40®  and  50°,  in  two  different  ways :  firstly,  in  determining  the 
numerical  properties  of  the  flora  of  a  large  extent  of  country, 
including  both  mountains  and  plains ;  and,  secondly,  in  ascer- 
taining those  proportions  for  the  plains  only  of  the  temperate 
and  torrid  zones.  As  in  our  herbaria  we  have  indicated,  by 
barometrical  measurement,  the  elevation  of  each  plant  in  more 
than  4000  cases  above  the  level  of  the  sea  in  equinoctial  Ame- 
rica, it  will  be  easy,  when  the  account  of  the  species  is 
completed  (it  is  now  completed),  to  separate  those  which 
grow  at  or  above  an  elevation  of  6000  feet  from  such  as  are 
inhabitants  of  a  lower  region.     This  operation  will  affect 
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most  sensibly  those  families  that  abound  in  alpine  species ;  as, 
for  instance,  Gramineas  and  Composites.  At  6000  feet  of 
elevation,  the  mean  temperature  of  the  air,  on  the  back  of  the 
equatorial  Andes,  is  62**  6',  which  is  equal  to  that  of  July  at 
Paris.  Although,  upon  the  table-land  of  the  Cordilleras,  we 
find  the  same  annual  temperature  as  in  high  latitudes,  yet  it 
is  not  right  to  generalise  too  much  such  analogies  between 
the  temperate  climates  of  equatorial  mountains  and  low  sta- 
tions in  the  circumpolar  zone.  These  analogies  are  not  so 
great  as  is  supposed ;  they  are  much  influenced  by  the  partial 
distribution  of  heat  in  different  seasons  of  the  year.  The 
quotient  does  not  regularly  change,  in  rising  from  the  plains 
into  the  mountains,  in  the  same  manner  as  it  does  in  ap- 
proaching the  pole;  as  happens  with  Monocotyledones  in 
general,  ferns,  and  Compositae. 

"  We  may,  moreover,  remark,  that  the  developement  of  the 
vegetation  of  different  families  depends  neither  upon  geogra- 
phical or  isothermal  latitude  alone;  but  that,  on  the  con- 
trary, the  quotients  are  not  in  accordance  on  the  same 
isothermal  line  of  the  temperate  zone  in  the  plains  of  America 
and  of  tlie  old  world.  Under  the  tropics,  there  is  a  remark- 
able difference  between  America,  India,  and  the  western  side 
of  Africa.  The  distribution  of  organised  beings  over  the 
surface  of  the  globe  depends  not  only  upon  very  complicated 
conditions  of  climate,  but  also  upon  geological  causes,  the 
nature  of  which  is  wholly  unknown,  but  which  are  connected 
with  the  original  state  of  our  planet.  In  the  equinoctial  zone 
of  Africa  palms  are  not  very  numerous,  if  compared  with  the 
much  greater  number  in  South  America.  Differences  such 
as  these,  far  from  turning  us  from  a  search  after  the  laws 
of  nature,  should,  on  die  contrary,  excite  us  to  contemplate 
those  laws  in  their  most  complicated  forms.  Lines  of  equal 
heat  do  not  follow  the  parallel  of  the  equator ;  they  have  con- 
vex and  concave  summits,  which  are  distributed  very  regularly 
over  the  globe,  and  form  different  systems  along  the  eastern 
and  western  sides  of  the  two  worlds,  in  the  centre  of  conti- 
nents, and  in  the  vicinity  of  oceans.  It  is  probable  that, 
when  the  globe  shall  have  been  more  correctly  examined,  it 
will  be  found  that  the  lines  of  maxima  of  grouping  (that  is, 
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lines  drawn  through  those  points  where  the  fractions  are 
reduced  to  the  smallest  denominator)  will  be  isothermal 
lines.  If  we  divide  the  globe  into  lines  of  longitude,  and 
compare  the  numerical  proportions  of  those  lines  under 
similar  isothermal  latitudes,  the  existence  of  different  systems 
of  grouping  will  at  once  be  evident.  From  such  systems  can 
be  distinguished,  even  in  the  present  imperfect  state  of  our 
knowledge,  those  of  the  new  world,  of  western  Africa,  of 
India,  and  of  New  Holland.  As  we  find  that,  notwithstanding 
the  regular  increase  of  heat  from  the  equator  to  the  poles,  the 
maximum  of  heat  is  not  always  identical  in  different  countries 
in  different  degrees  of  longitude ;  so  there  exist  places  where 
certain  families  attain  a  greater  degree  of  developement  than 
elsewhere ;  as  is  the  case  with  Compositae  in  the  temperate 
region  of  North  America,  and  especially  at  the  southern  ex- 
tremity of  Africa." 

Now  follow  tables  of  the  different  numerical  proportions  of 
certain  extensive  families  and  divisions  of  plants,  as  far  as 
they  have  been  ascertained.  I  give  them  in  Humboldt's 
words,  with  a  few  interpolations,  which  are  distinguished  by 
being  included  within  crotchets  [         ]. 

"  ACOTYLEDONES. 

"  Cryptogamic  plants  (fungi,  lichens,  mosses,  and  ferns) ; 
cellular  and  vascular  Agamee  of  De  CandoUe.  Taking  the 
plants  of  the  plains  along  with  those  of  the  mountains,  we 
have  found,  under  tlie'  tropics,  ^ ;  but  their  number  ought 
to  be  much  greater.  Brown  has  shown  that  it  is  probable 
that,  in  the  torrid  zone,  the  proportion  is  ^  for  the  plains, 
and  ^  for  the  mountains.  In  the  temperate  zone  cryptoga- 
mous  plants  are  generally  to  phcenogamous  as  1  to  2 ;  in  the 
frozen  zone  they  maintain  as  large  a  proportion,  and  often 
much  surpass  it  [In  Melville  Island  the  numbers  are 
58  crypt,  to  67  phaenog.,  or  nearly  equal :  in  Sweden,  ac- 
cording to  the  computation  of  Wahlenberg,  they  are  some- 
thing less  than  4  to  1 ;  and  it  is  probable  that  this  is  a  near 
approximation  to  the  true  proportions  of  Sweden,  the  crjrpto- 
gamic  flora  of  that  country  having  been  more  accurately 
investigated  than  that  of  any  other  part  of  the  world.] 
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^^  In  separating  cryptogamous  plants  into  three  groups^  we 
observe  that  ferns  are  more  numerous,  the  denominator  of 
the  fraction  being  smaller  in  the  frozen  than  in  the  temperate 
zone.  Lichens  and  mosses  also  increase  towards  the  frozen 
zone.  The  geographical  distribution  of  ferns  depends  upon 
the  combination  of  local  circumstances  of  shade,  humidity, 
and  moderate  warmth.  The  maximum  (that  is  to  say,  the 
place  where  the  denominator  of  the  fraction  of  the  group 
becomes  the  smallest  possible)  is  found  to  be  in  the  moun- 
tainous parts  of  the  tropics,  especiaUy  in  small  islands,  in 
which  the  proportion  rises  to  ^,  and  even  higher.  Not  dis- 
tinguishing the  plains  from  the  mountains.  Brown  finds  the. 
proportion  of  ferns  in  the  torrid  zone  to  be  ^^^  :  in  Arabia, 
India,  New  Holland,  and  Western  Africa  (within  the  tropics) 
it  is  ^V  •  o^r  American  herbaria  only  indicate  ^ :  but  ferns 
are  rare  in  the  wide  valleys  and  arid  table-land  of  the  Andes, 
where  we  were  constrained  to  reside  a  long  time.  In  the 
temperate  zone  ferns  are  Vff>  in  France  -^  in  Germany,  ac- 
cording to  recent  observations,  7^.  The  group  of  ferns  is 
extremely  rare  on  Atlas,  and  is  almost  entirely  absent  from 
Egypt.  [In  Sicily,  Presl  finds  them  ^^;  in  Sweden,  according 
to  Wahlenberg,  they  are  about  licy.]  In  the  frozen  zone 
ferns  appear  to  increase  to  ^.  [There  are  none  in  Melville 
Island.] 

**  MONOCOTYLEDONES. 

•*  The  denominator  becomes  progressively  smaller  in  going 
from  the  equator  to  629  N.  lat. ;  it  again  increases  in  still 
more  northern  regions,  on  the  coast  of  Greenland,  where 
Graminese  are  very  rare.  [Brown  renmrks  that,  in  the 
list  of  Greenland  plants,  Dicotyledones  are  to  Monocoty- 
ledones  as  4  to  1,  or  in  nearly  the  equinoctial  ratio;  and  in 
Spitzbergen,  as  well  as  can  be  judged,  the  proportion  of  Di- 
cotyledones appears  to  be  still  further  increased.  This  inver- 
sion was  found  to  depend  as  much  on  die  reduction  of  the 
proportion  of  Gramineae  as  on  the  increase  of  certain  dicoty- 
ledonous families,  especially  Saxifrageae  and  Cruciferae.  The 
flora  of  Melville  Island  is,  however,  very  different,  Dicoty- 
ledones being  to  Monocotyledones  as  5  to  2,  or  in  as  low  a 
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ratio  as  has  any  where  been  observed ;  while  the  proportion 
of  grasses  is  nearly  double  that  of  any  part  of  the  world. 
Parry's  Appendix.']  The  proportion  varies  from  ^  to  ^  in 
different  parts  of  the  tropics.  Among  3880  phanerogamous 
plants  found  in  equinoctial  America  by  Bonpland  and  myself^ 
there  are  654  Monocotyledones  and  3226  Dicotyledones ; 
here,  therefore,  the  great  divbion  of  Monocotyledones  forms 
\  of  phasnogamous  plants.  According  to  Bro^Ti,  this  propor- 
tion is  in  the  old  world  (India,  equinoctial  Africa,  and  New 
Holland)  y.  Under  the  temperate  zone  it  is  found  to  be  i  ; 
France  1  :  4j ;  Germany  1  :  4^ ;  North  America,  according  to 
Pursh,  1:4^;  kingdom  of  Naples  1:4^;  Switzerland  1  :  41 ; 
Great  Britain  1:3];  [Sweden  1  :  3Vo  >  hut  in  Sicily,  accord- 
ing to  Presl,  it  is  1  :  5^0,  which  is  much  too  high].  In  the 
frozen  zone  -}. 

^^  Glumace^  (that  is  to  say,  the  tliree  families  of  Junceae, 
Cyperacea;,  and  Gramineas  united).  —  Trop,  -^\  Temp.  -J; 
Frozen  ^.  This  increase  towards  the  north  is  due  to  the 
greater  prevalence  of  Junceae  and  Cyperaceae,  which  are  much 
more  rare,  as  compared  with  other  phaenogamous  plants,  in 
the  temperate  and  torrid  zones.  Comparing  the  species  of 
these  three  families,  we  find  that  Gramineae,  C3rperaceae,  and 
Junceae  are  in  the  tropics  as  25,  7,  1 ;  in  tlie  temperate  parts 
of  the  old  world  as  7,  5,  1 ;  within  the  polar  circle  as  2  J,  2  J, 
and  1.  In  Lapland  there  are  as  many  Gramineae  as  Cype- 
raceae ;  thence,  towards  the  equator,  Cyperaceae  and  Juncea? 
diminish  much  more  than  Gramineae.  The  form  of  Junceae 
almost  disappears  in  the  tropics. 

"  JuNCEiE  alone.  —  Trop.  -^^-q  :  Temp.  ,  (Germany  -^^ 
France  i?y),  [Sicily  ^^ j] ;  Frozen  ^Vj  [Melville  Island  isj^]- 

"  CvPERACEiE  alone. —  Trop,  America  scarcely  3Vj  Western 
Africa  r^fj,  India  ^fy,  New  Holland  -^^ ;  Temp,  perhaps  t^f* 
(Germany  iV,  France,  according  to  Do  CandoUe,  ^Vj  Den- 
mark iV,)  [Sweden  rather  more  than  i^j,  Sicily  3V] ;  Frozen  -l, 
in  Lapland  and  Kamtschatka ;  [Melville  Island  iV]* 

"  Graminea  alone. —  Trop.  I  have  always  supposed  1^;  but 
Brown  finds  for  western  Africa  iV?  for  India  tV  ;  and  Home- 
man  makes  the  proportion  of  Guinea  i^j  ;  Temp.  Germany  iV» 
France  -j^j,  [Sweden  not  quite  iV>  Sicily  iV];  Frozen  t\j, 
M  elville  Island  nearly  i]. 
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"  DICOTYLEDONES. 

"  CoMPOSiTJE.  Not  distinguisliing  plants  of  the  plains  from 
those  of  the  mountains,  we  found  them  in  equinoctial  America 
i  and  \ ;  but  of  534  compositae  of  our  herbaria,  only  94  were 
found  between  the  plains  and  3000  feet  of  elevation ;  a  height 
at  which  the  mean  temperature  is  7P  3',  equalling  that  of 
Cairo,  Algiers,  and  Madeira.  From  the  plains  to  6000  feet, 
where  the  mean  temperature  is  that  of  Naples,  we  found  265 
compositae.  Therefore  the  proportion  of  compositse  in  the 
regions  of  equinoctial  America,  below  6000  feet,  is  from  i  to 
i^.  This  result  is  very  remarkable,  inasmuch  as  it  proves 
that,  within  the  tropics  in  the  low  and  hot  region  of  the  new 
continent,  there  are  fewer  compositae ;  and  in  the  subalpine 
and  temperate  regions,  more  than  under  the  same  conditions 
in  the  old  world.  Brown  finds  for  the  Congo  River  and  Sierra 
Leone  ^},  for  India  and  New  Holland  -^.  In  the  temperate 
zone  compositae  are,  in  America,  i ;  and  this  is  probably  the 
proportion  borne  by  compositae  on  the  very  high  stations  of 
equinoctial  America,  to  the  whole  mass  of  phaenogamous 
plants  in  the  same  places ;  at  the  Cape  of  Good  Hope  ^,  in 
France  +,  or  more  properly,  -iV>  i^  Germany  i  [in  Sweden 
between  -^  and  i^,  in  Sicily  rather  less  than  ^].  In  the 
frozen  zone  compositae  are,  in  Lapland  1V9  in  Kamtschatka  ^, 
[in  Melville  Island  tV]- 

"  Leguminosje. —  Trop.  America  iVj  India  i.  New  Hol- 
land ^,  western  Africa  \\  Temp.  France  t5>  Germany  -j*^, 
North  America  -j^  Siberia  -^,  [Sweden  ^,  Sicily  |]; 
Frozen  ^  [Melville  Island  ^^. 

"  Labiatje. —  Trop.'^ji\  Temp.  North  America  ^,  Ger- 
many ^,  France  i-^  [Sicily  ^  Sweden  ^ ;  Frozen  ^ 
[Melville  Island  0].  The  scarcity  of  Labiatae  and  Cnici- 
ferae,  in  the  temperate  zone  of  the  new  continent,  is  a  very 
remarkable  phenomenon. 

"  Malvaceje. —  Drop.  America  -j^tj  India  and  western  Africa 
3V5  the  coast  of  Guinea  alone  ^\y ;  Temp.  ^^^ ;  Frozen  0. 

"  Cruci  fer^.  —  TVop,  Scarcely  any,  except  in  mountainous 
regions  beyond  from  7,000  to  10,000  ft.  of  elevation ;  France 
iVj  Germany  -^^   [Sweden  T^jfj  Sicily  Vj,  Balearic  Islands 
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according  to  Cambessedes  ^,  MelviUe  Island  +]  North  Ame- 
rica It?* 

**  RuBiACE^ — Without  dividing  the  family  into  several  sec- 
tions we  find  for  the  Tropics^  in  America  ^  in  Western 
Africa  -^^ ;  for  the  Temperate  zone,  in  Germany  ^\j,  in  France 
^^;  for  the  frozen  zone  in  Lapland^.  Brown  separates  the 
great  family  of  Rubiacese  into  two  groups,  distinguished  by 
peculiar  relations  to  climate.  That  of  Stellatas  without  stipulce 
principally  belongs  to  the  temperate  zone ;  it  is  almost  wholly 
absent  under  the  tropics,  except  on  the  summit  of  mountains* 
The  group,  with  opposite  stipulate  leaves,  {CincAanacetBj 
Lindl.)  belongs  exclusively  to  equatorial  regions. 

"  EupHORBiACE^. —  Trap.  America  ^,  India  and  New 
Holland ^{^,  Western  Africa^;  Temp.  France V^  Germany 
Tivj  [Sicily  3^j,  Sweden  yiyj  Balearic  Islands  ^];  Frozen^ 
Lapland  ^^(^ 

**  Erice^s.  —  Trap.  America  tH  >  Temp.  France  -riy,  Ger- 
many Vtf,  North  America  3^;  Frozen^  Lapland  ^V 

"  Amentacea.  —  Trap.  America  15^0;  Teny?.  France  y^, 
Crermany  1*0,  N.  America  ,,^5^;  Frazen^  Lapland  ^\j. 

"  Umbellifer.£.  —  Scarcely  any  in  the  tropics  below 
7000  feet,  but  taking  together,  in  equinoctial  America,  both 
the  plains  and  the  high  mountains,  tAi^  '  in  the  Temp,  zone 
much  more  in  the  old  than  in  the  new  world,  France  ^^ 
North  America  3^;  Frozen^  Lapland  j^. 

^^  In  comparing  the  two  worlds,  we  find  in  generd  in  the 
new  continent,  under  the  equator,  fewer  Cyperacese  and 
Cinchonaceae,  and  more  Compositse ;  in  the  temperate  zone 
fewer  Labiatse  and  Cruciferae,  and  more  Composhse,  Ericece, 
and  Amentacese,  than  in  the  corresponding  zones  of  the  old 
world.  The  families  that  increase  firom  the  equator  towards 
the  poles  (according  \d  the  method  of  fractions)  are  Glumaceae, 
Ericeas,  and  Amentaces;  those  which  diminish  firom  the 
equator  to  the  pole  are  Legmninosae,  Rubiaceae,  Euphor- 
biaceae,  and  Malvaceae;  the  families  that  appear  to  attain 
their  maximum  in  the  temperate  zone,  are  Compositas, 
Labiatee,  Umbelliferas,  and  Cruciferae." 

To  these  most  instructive  and  interesting  remarks  Hum- 
boldt has  added  the  following  table. 
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From  what  has  now  been  said,  it  would  seem  that  the  forms 
assumed  by  vegetation  in  different  latitudes  are  dependent 
upon  particular  conditions  of  climate  and  soil,  and  that  it  is  to 
variations  of  these  conditions  that  we  are  to  ascribe  the  differ- 
ence between  the  Flora  of  the  equator  and  of  the  polar  regions. 
And  this  is  no  doubt  true :  but  there  are,  nevertheless,  some 
plants  which  have  a  remarkable  power  of  adapting  themselves 
to  all  climates  and  circumstances ;  and  there  are  others  which 
readily  naturalise  themselves  in  climates  similar  to  tlieir  own. 
Of  the  latter,  examples  present  themselves  at  every  step ;  all 
the  hardy  plants  of  our  gardens  may  in  some  sort  be  con- 
sidered of  this  nature ;  for  although  they  do  not  grow  spon- 
taneously in  the  fields,  they  flourish  almost  without  care  in 
our  gardens.     The  pine-apple  has  gradually  extended  itself 
eastward  from  America,   through  Africa,   into  the   Indian 
Archipelago ;  where  it  is  now  as  common  as  if  it  were  a  plant 
indigenous  to  the  soil ;  and  in  like  manner  the  spices  of  the 
Indies  have  become  naturalised  on  the  coast  of  Africa  and  in 
the  West  Indian  Islands.     Of  the  former  description  the  in- 
stances are  not  numerous,  but  they  are  very  remarkable.     In 
the  woods  of  Georgia,  in  North  America,  grows  the  Rosa  laevi- 
gata, which,  while  all  the  other  species  of  rose  of  that  country 
are  entirely  different  from  those  of  other  regions,  is  identical 
with  the  R.  sixiica  of  China ;  to  the  Flora  of  which  country 
that  of  North  America  has  no  resemblance.     Samolus  Valer- 
andi  is  found  all  over  the  world,  from  the  frozen  north  to  the 
burning  south ;  associated  here  with  Amentacese  and  similar 
northern  forms,  and  there  mixed  with  palms  and  the  genuine 
denizens  of  the  tropics.     Above  350  species  are  said  to  be 
common  to  Europe  and  North  America,  and  even  among  the 
peculiar  features  of  the  Flora  of  New  Holland,  Brown  re- 
cognised 166  European  species.    Royle  has  added  numerous 
instances  of  Siberian,  European,   African,   and   American 
plants  occurring  in  India.     The   presence  of  many  of  such 
strangers  may  undoubtedly  be  referred  to  the  agency  of  man, 
by  whom  they  have  been  transported  from  climate  to  climate, 
along  with  com  and  by  other  means;  as,  for  example,  at 
Pont  Juvenal,  near  Montpellier,  the  vicinity  of  which  abounds 
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with  Barbary  plants ;  the  seeds  of  which  are  known  to  have 
been  brought  across  the  Mediterranean  along  with  the  Bar- 
bary wool,  which  is  disembarked  at  that  station.  In  like 
manner  the  various  kinds  of  corn  have  been  carried  about  from 
country  to  country  for  the  service  of  mankind,  until  their  real 
home  has  become  doubtful.  Medicago  sativa  is  common  in 
Chili,  whither  it  has  been  transported  by  the  Spaniards ;  and 
instances  in  abundance  of  similar  cases  could  be  produced. 
But  it  must  not  thence  be  inferred,  that  all  cases  of  species 
growing  in  places  far  away  from  their  kindred  forms,  are  to 
be  referred  to  migration:  for  this,  the  agency  of  man,  of 
animals,  of  seas,  of  wind,  and  of  torrents,  will  doubtless  have 
done  a  great  deal;  but  none  of  these  causes,  nor  any  other  with 
which  I  am  acquainted,  will  explain  the  identity  of  the  Calypso 
borealis.  Orchis  viridis,  and  Betula  nana  of  North  America 
and  of  Europe ;  of  the  Potamogetons  common  to  Europe  and 
New  Holland ;  of  the  Rose,  already  adverted  to,  as  common 
to  North  America  and  China ;  of  the  Osmorhiza  of  the 
Himalayas,  with  that  of  the  United  States ;  of  the  wide  diffusion 
of  Samolus  Valerandi ;  and,  most  especially,  of  the  identity  of 
the  crj'ptogamic  plants  of  various  countries,  plants  incapable  of 
cultivation,  unconnected  with  the  purposes  of  man,  and  of  all 
others,  the  most  difficult  of  transport  under  any  form.  To  us 
it  appears  that  such  plants  must  have  been  originally  created 
in  the  places  where  they  now  exist ;  the  contingent  circum- 
stances under  which  they  were  found  having  been  favour- 
able to  the  particular  mode  of  vegetable  developement  which 
was  necessary  for  their  formation. 

One  rather  important  element  in  all  calculations  concern- 
ing the  geographical  distribution  of  plants  is  the  actual 
number  of  species  upon  the  surface  of  the  earth.  In  the  ex- 
isting state  of  herbaria,  and  with  so  many  large  districts 
either  altogether  or  very  imperfectly  examined,  there  is  no 
possibility  of  arriving  at  any'  thing  more  than  an  approxi- 
mation to  the  true  number ;  and  even  this  may  prove  so  very 
wide  of  the  truth  as  to  be  really  exceedingly  fallacious. 
Nevertheless,  some  idea  of  it  may  be  formed  from  the  follow- 
ing data  and  conjectures  : — 
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The  number  of  described  plants  in  1 827  was,  ac- 
cording to  Sprengel,  about  -  -  - 
To  this  may  be  added  for  errors,  and  erroneous  sup- 
presttons  of  species,  say            ... 
Add  also  for  India  and  the  rest  of  Asia, 

i——-  America         -        -        -  -        - 

■  ■  Africa         -        ^        J-        -        -    ^ 


FliKnogainoai 

CryptogsiPons 

31,000 

6,000 

6,000 

1,000 

10,000^ 
S0,000   . 

io,oooJ 

2/XX) 

77,000 

9,000 

That  this  is  not  an  exaggerated  statement  in  regard  to 
America,  will  be  obvious  from  the  following  comparison  of 
the  numbers,  in  a  few  cases,  of  American  species  admitted  by 
Sprengel,  and  what  have  since  been  published  by  other 
Botanists. 

Number  of  American  species  of 

Salvia  99  according  to  Sprengel,  166  according  to  Bentham. 

Hyptis  29       208  

Hydrophylleae       12       40  

Califomian  Po- 1    ^  ao  

lemoniaceae    J 

HabenariaiZ.^.    SI      66  according  to  Lindley. 

MelastomacesB    235      — -  —  633  according  to  De  Candolle 
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So  that  the  number  appears  already  to  have  been  ascer- 
tained to  be  in  these  seven  cases  nearly  three  times  as  great 
as  Sprengel  supposed. 

The  best  attempt  that  has  yet  been  made  to  group  these 
species  geographically  is  by  Schouw,  from  whom  we  take 
(Linn.  vol.  viii.  p.  623.,)  the  following 

NOTES 

FOR  A  LECTURE  ON  THE  GEOGRAPHICAL  DISTRIBUTION 

OF   PLANTS. 

L   KiKODOM   OF   THE  MoSSES   AMD   SaXIFRAO&S. 

(Arctic  Alpine  Kingdom*  —  Wahlenberg's  Kingdom.) 

a.  The  Polar  countries  from  the  ice-limits  to  the  tree-limits 
(Scandinavia,  70^  N.  L.  Asia,  68°,  Kamtschatka,  58°,  middle  of 

North  America,  68°,  Labrador,  58°,  the  polar  ialandi,  Greenland, 
Iceland,  60°.) 
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b.  The  higher  regions  of  the  mountains  of  Europe,  North  Asia, 
and  probably  also  of  North  America.  Likewise  from  the  snow-line 
to  the  tree-limit,  namely;  in  Northern  Scandinavia,  1500  —  3000 
French  feet,  in  Southern  Scandinavia,  3500—5200 ;  in  the  Carpathian 
Alps,  4500 —  8000 ;  in  the  Alps  on  their  north  side,  5500  —  8200, 
on  the  south  side,  6500  —  8600 ;  the  Pyrenees  on  the  north  side, 
6500  —  7800,  on  the  south  side  6900  —  8600 ;  The  Apennines, 
6000  —  9000 ;  Caucasus,  5500  ^  10,000.  The  Altai  Mountains, 
6000  —  7000.    The  Greek  Mountains,  the  Balkan,  Sierra  Nevada. 

Mean  Temperature:  Polar  lands,  1-75**  to  +41®  Fahr.;  Mount, 
reg.  +20-75®  to  +36-5°. 

Characteristic  and  predominating  forms.  —  Ranunculus,  Arabis, 
Draba,  Arenaria,  Dryas,  Potentilla,  Saxifraga,  Rhododendron,  Aza- 
lea, Gentiana,  Pedicularis,  Salix,  Musci,  Lichenes.  For  the  Polar 
lands  particularly:  Coptis,  Eutrema,  Parrya,  Diapensia,  Andro- 
meda, Ledum.  For  the  mountain  regions :  Cherleria,  Campanula, 
Phyteuma,  Primula,  Aretia,  Soldanella. 

Dwarf  herbaceous  plants  with  proportionate  large  flowers  of  a 
pure  colour.  Trees  absent.  Dominating  shrubs  and  half-shrubs 
in  the  polar  lands :  Betula  nana;  Salix  lanata,  fusca,  lapponum, 
reticulata,  arctica,  herbacea ;  Rubus  Chamaemorus,  Empetrum 
nigrum ;  Andromeda  hypnoides,  tetragona ;  Arbutus  alpina,  Uva 
ursi;  Azalea  procumbens.  Rhododendron  lapponicum,  Menziesia 
cserulea.  In  the  mountain  region :  Juniperus  nana,  Alnus  viridis  ; 
Salix  reticulata,  herbacea ;  Rhododendron  ferrugineum,  hirsutum, 
caucasicum ;  Vaccinium  Myrtillus,uliginosum ;  Azalea  procumbens ; 
Arbutus  alpina,  Uva  ursi ;  Empetrum  nigrum. 

Plants  which  approach  the  snow  line :  Ranunculus  glacialis,  Saxi- 
fraga  oppositifolia,  Silene  acaulis.  In  the  Polar  lands  particularly : 
Agrostis  algida ;  Ranunculus  hyperboreus,  nivalis ;  Papaver  nudi- 
caule,  Draba  alpina,  Lychnis  apetala,  Diapensia  lapponica.  In 
the  mountain  regions:  Saxifraga  muscoides,  bryoides;  Cherleria 
sedoides ;  Aretia  helvetica,  alpina ;  Draba  nivalis,  Petrocallis  py- 
renaica,  Arabis  bellidifolia,  Myosotis  nana,  Gentiana  nivalis,  Achil* 
lea  nana,  Linaria  alpina. 

No  Cultivation. 

11.  Kingdom  of  the  Umbblliferje  and  Cruciferje. 
(North  European  and  North  Asiatic  Kingdom. — LinnSs  Kingdom^) 

Europe  and  North  Asia  from  the  southern  limits  of  the  last 
kingdom  to  the  Pyrenees,  the  Alps,  the  Balkan,  Caucasus,  Altai, 
Dahuria,  and  the  middle  regions  of  the  mountains  of  Southern 
Europe.    Mean  Temperaturty  +  27*5^  to  56*75^. 
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Character. — Umbelliferae,  Cruciferac,  Conifers,  Amentaceae,  Gra- 
minefc,  Caricea;,  Fungi,  Cichoraceae,  Cynarocephalac :  particularly 
in  Asia ;  Halophytoe  (e.  g.  Salsola,  Salicornia),  Astragaleac. 

Luxuriant  growth  of  grass.  Trees  with  deciduous  leaves.  Some 
heaths. 

Predominating  trees  and  shrubs :  Pin  us  sylvestris,  Cembra, 
sibirica,  Pinaster ;  Abies  excelsa,  pectinata ;  Larix  europaea,  Ju« 
niperus  communis,  Betula  alba,  Alnus  glutinosa  and  incana ; 
Fagus  sylvatica,  Quercus  pedunculata  and  sessiliflora,  Carpinus 
Betulus,  Castanea  vesca,  Salices,  Populus  tremula,  Corylus  Avel- 
lana,  Ulmus  campestris.  Erica  vulgaris,  Prunus  spinosa,  Sorbus 
aucuparia;  Acer  Pseudo-platanus,  platanoides,  campestre;  Tilia 
platyphylla,  microphylla. 

Cultivated  plants :  Secale  cereale ;  Hordcum  vulgare,  hexasti- 
chon,  distichon ;  Avena  sativa  ;  Triticum  vulgare,  Spelta ;  Zea 
Mays,  Panicum  miliaceum^  Solanum  tuberosum,  Polygonum 
Fagopyrum. 

Pyrus  Malus,  communis ;  Cydonia  vulgaris,  Cerasus  vulgaris  and 
avium,  Prunus]  domestica,  Armeniaca  vulgaris,  Persica  vulgaris, 
Morus  nigra,  Juglans  regia,  Vitis  vinifera ;  Ribes  rubrum,  Grossu- 
laria,  nigrum ;  Fragaria  vesca,  Cucumis  Melo. 

Brassica  oleracea,  Rapa ;  Raphanus  sativus,  Sinapis  nigra  and 
alba,  Pisum  sativum,  Phaseolus  vulgaris,  Faba  vulgaris,  Ervura 
Lens,  Spinacia  oleracea.  Beta  vulgaris,  Cucumis  sativus,  Cucurbita 
Pepo,  Carum  Carvi,  Daucus  Carota,  Humulus  Lupulus,  Linum 
usitatissimum.  Cannabis  sativa,  Brassica  Napus. 

Trifolium  pratense  and  repens,  Vicia  sativa,  Medicago  sativa, 
Lolium  perenne. 

IIL  Kingdom  of  LABiATiE  and  Caryophtllsa 
(Mediterranean  Kingdom.  —  De  Candolk^s  Kingdom.) 

The  regions  which  border  the  Mediterranean  Sea,  limited  on 
the  North  by  the  Pyrenees,  the  Alps,  the  Balkan,  and  Caucasus ; 
on  the  South,  by  Atlas  and  the  deserts  of  North  Africa ;  on  the 
East  by  Taurus.     Mean  Temperature,  +54^5^  to  72'5^* 

Character.  Labia tae,  Caryophylleae,  Boragineee,  Cistineae,  Li- 
liaceae.  The  orders  mentioned  under  II.;  but  the  most  of 
them  less  predominating,  particularly  Caricear.  Representations 
of  tropical  orders :  Palmae,  Terebintliaceae,  Laurineae.  Orders 
which  increase  towards  the  equator  are  more  numerous  than  in 
IL,  as  Leguminosae,  Malvaceae,  Solaneae,  Euphorbiaceae,  Urticee. 

Adonis,  Nigella,  Trifolium,  Medicago,  Genista,  Cy  tisus,  Scabiosa^ 
Anthemis,  Acliillea,  Verfoascumi  Narcissus.   Many  erergreen  trees 
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and  shrubs.     A  greater  number  of  ligneous  plants  than  in  II.     The 
growth  of  grass  less  luxuriant. 

Predominating  trees  and  shrubs  :  —  Pinus  Pinea,  Pinaster,  hale- 
pensis,  Laricio ;  Cupressus  sempervirens ;  Juniperus  phoenicea,  ma- 
crocarpa;  Quercus  Cerris»  pedunculata,  sessiliflora9llex,Suber,^gi« 
lops,  coccifera,  infectoria ;  Castanea  vesca,  Platanus  orientalis,  Alnus 
cordifolia,  Corylus  Columay  Ostrya  vulgaris;  Acer  monspessulanum, 
neapolitanum;  Pistacia  Terebinthus,  Lentiscus;  Ceratonia  Siliqua, 
Cercis  Siliquastrum,  Genista  scoparia,  Mespilus  Pyracantha,  Prunus 
Laurocerasus ;  Tamarix  gallica,  africana ;  Myrtus  communis,  Punica 
Granatum,  Opuntia  vulgaris  (Cactus),  Viburnum  Tinus,  Arbutus 
Unedo,  Erica  arborea  and  scoparia;  Rhododendron  ponticum, 
maximum ;  Cistus  sp. ;  Phillyrea  latifolia,  angustifolia ;  Ornus  euro- 
psea  and  rotundifolia,  Nerium  Oleander,  Rosmarinus  officinalis, 
Ephedra  distachya,  Chamaerops  humilis,  Ruscus  aculeatus,  Smilax 
aspera,  Tamus  communis,  Agave  americana. 

Cultivated  plants,  the  same  as  under  II. ;  but  the  following  are 
either  scarce,  or  only  to  be  found  on  mountains :  —  Secale  cereale  ; 
Ribes  rubrum,  Grossularia,  nigrum ;  Polygonum  Fagopyrum,  Hu- 
mulus  Lupulus. 

The  following  are  to  be  added  : — Oryza  sativa.  Sorghum  vulgare, 
Panicum  italicum,  Ficus  Carica,  Amygdalus  communis,  Pistacia 
vera ;  Citrus  Limonum,  Medica,  vulgaris,  Aurantium ;  Opuntia 
vulgaris,  Cucurbita  Citrullus,  Olea  europsa ;  Solanum  Melongena^ 
Lycopersicum ;  Pimpinella  Anisum^  Coriandrum  sativum,  Gossy- 
pium  herbaceum,  Morus  alba,  Crocus  sativus,  Rhus  Coriaria,  Lu* 
pinus  albus,  Onobrychis  sativa. 

Note  1.  Madeira,  the  Azores,  and  the  Canary  Islands  belong  to 
this  kingdom  ;  but  their  Flora  approaches  to  that  of  tropical  Africa. 
Cliaracteristic  forms  are  —  Sempervivum  arboreum,  canariense, 
tortuosum,  etc. ;  Ilex  Perado,  Plocama  pendula,  Cacalia  Kleinia, 
Sonchus  fruticosus.  Arbutus  callicarpa,  Ardisia  excelsa,  Ceropegia 
aphylla,  Echium  giganteum  etc.,  Laurus  foetens ;  Euphorbia  bal- 
samifera,  canariensis ;  Myrica  Faya,  Pinus  canariensis. 

Note  2.  The  highest  regions  of  this  kingdom  belong  to  !.»  and 
the  middle  to  II. 

IV.  Kingdom  of  Asterejb  and  Solidaoinea. 
(North  Northern- American  Kingdom.-^  Michaux's  Kingdom.) 

North  America  from  the  southern  limits  of  the  first  kingdom  to 
36°N.L.  Mean  Temperature  ^^  9-5''  to  59^ 
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Charader. —  More  sorts  of  Conifers  and  Amentaces  than  in 
II. ;  but  few  Umbelli ferae,  Cruciferas,  Cichoraces,  Cynarocephalae. 

Hydrastis,  Sanguinaria,  Hudsonia,  Ptelea,  Robinia,  Gjmanocladus, 
Purshia,  Gillenia,  Decodon,  CEnothera,  Clarkia,  Ludwigia,  Bar- 
tonia,  Claytonia,  Heuchera,  Ilex,  Hamamelis,  Mitchella,  Aster, 
Solidago,  Liatris,  Rudbeckia,  Galardia,  Vaccinium,  Andromeda^ 
Kalmia,  Sabbatia,  Houstonia,  Hydrophyllum,  Phlox,  Monarda, 
Dodecatheon,  Dirca,  Hamiltonia,  Lewisia,  Trillium,  Medeola. 

Predominant  trees  and  shrubs :  Pinus  Strobus,  inops,  resinosa, 
Banksiana,  variabilis,  rigida,  serotina,  pungens ;  Abies  balsamea, 
taxifolia,  canadensis,  nigra,  rubra,  alba ;  Larix  pendula,microcarpa ; 
Thuja  occidentalisjsphacroidea;  Juniperus  virginiana,  Sabina;  Taxus 
canadensis,  Quercus  25  sp. ;  Fagus  sylvatica,  ferruginea ;  Castanea 
americana,  pumila ;  Ostrya  virginica,  Carpinus  americana ;  Corylus 
americana,  rostrata;  Alnus  glutinosa,  crispa,  serrulata;  Betula 
nigra,  papyracca,  etc. ;  Salix  27  sp. ;  Populus  balsamifera,  moni- 
lifera,  etc. ;  Myrica  cerifera  etc. ;  Platanus  occidentalis,  Liqui- 
dambar  styraciflua;  Juglans  nigra,  cinerea,  etc;  Ulmus  ame- 
ricana etc.;  Nyssa  aquatica,  Fraxinus  alba,  nigra,  etc.;  Oraus 
americana,  Ribes  floridum,  aureum,  etc;  Vaccinium  20^  Andro- 
meda 10;  Kalmia  latifolia,  angustifolia,  glauca;  Azalea  viscosa, 
nitida,  glauca,  nudiflora,  etc.;  Rhodendron  maximum;  Coraus 
florida,  alba,  canadensis,  etc.;  Hamamelis  virginica;  Spiraea 
salicifolia,  chamaedrifolia,  opulifolia,  hypericifolia,  etc.;  Gillenia 
trifoliata,  Crataegus  sp. ;  Cerasus  pumila,  nigra,  etc. ;  Purshia  tri- 
dentata,  Rubus  20,  Pyrus  sp. ;  Robinia  Pseudacacia,  hispida;  Gym- 
nocladus  canadensis;  Rhus  typhina,  glabra,  venenata.  Toxicoden- 
dron, etc ;  Ptelea  trifoliata,  Ceanothus  americanus,  etc ;  Rham- 
nu8  alnifolius  etc.;  Ilex  opaca  etc;  Euonymus  americanus, 
atropurpureus ;  Staphylea  trifolia,  Ampelopsis  hederacea;  Acer 
rubrum,  dasycarpum,  saccharinum,  striatum;  Negundo  fraxini- 
folium  ;  Xanthoxylum  fraxineum,  tricarpum ;  Tilia  glabra,  pube- 
scens ;  Liriodendron  Tulipifera. 

In  the  northern  parts  (to  50^,  55^  N.  L.)  there  is  no  cultivation. 
More  to  the  south,  the  same  cultivated  plants  as  in  U.  Maize 
culture  is  more  frequent. 

V.  Kingdom  of  Magnolias. 
(Southern  North- American  Kingdom. — Pursh*s  Kingdom,) 

North- America  between  36^,  SO""  N.  L.  Mean  Temperaimre, 
59^  to  72-5^. 
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Character. — Some  approximation  to  tropical  vegetation.  Can- 
neae  (Canna,  Thalia),  Palmae  (Chamsrops)^  Yucca,  Cycadeae  (Zamia), 
Laurus,  Ipomoea,  Bignonia,  Asclepias,  Cacteae  (Mammillaria, 
Opuntia),  Rhexia,  Passiflora,  Cassia,  Sapindus. 

A  few  Labiatae,  Caryophylleae,  Umbelliferae,  Cruciferae,  Cicho- 
raceae,  Geraniaceae  ;  few  sorts  of  Aster  and  Solidago. 

Trees  with  broad  shining  leaves  and  large  flowers. 

Magnolia,  Liriodendron,  Ulicium,  Asimina,  Dionaea,  Pavia,  Amor- 
pha,  Gleditschia,  Baptisia,  Petalostemum,  Calycanthus,  (Enothera, 
Claytonia,Rudbeckia,  Liatris,  Silphium,  Kalmia,  Houstonia,  Frasera, 
Halesia,  Dodecatheon. 

Predominating  trees  and  shrubs :  Magnolia  grandiflora,  glauca, 
etc.;  Ulicium  floridanum  and  parviflorum, Liriodendron  Tulipifera^ 
Asimina  sp. ;  Pavia  flava,  macrostachya,  etc. ;  Amorpha  fhiticosay 
Gleditschia  triacanthos  etc ;  Robinia  viscosa ;  Cassia  Tora,  mari- 
landica  etc;  Acacia  glandulosa,  Calycanthus  floridus,  etc; 
Kalmia  hirsuta,  cuneata  ;  Opunda  vulgaris,  fragilis,  missouriensis ; 
Halesia  tetraptera,  diptera;  Laurus  Catesbyana,  carolinensis, 
Benzoin,  Sassafras,  etc. ;  Juglansfraxinifolia ;  Carya  aquatica,  my- 
risticaeformis ;  Liquidambarstyraciflua,  Carpinusamericana;Castanea 
americana,  pumila ;  Platanus  occidentalis,  Quercus  25,  Schubertia 
disticha ;  Pinus  Taeda,  palustris ;  Zamia  integrifolia ;  Yucca  gloriosa, 
aloifolia,  etc. ;  Chamaerops  Hystrix,  Palmetto,  serrulata. 

Culture.  —  Nearly  the  same  things  as  in  III.,  with  the  exception 
of  the  olive;  the  culture  of  rice  is  more  extended.  In  the  southern 
parts  some  tropical  plants,  particularly  Saccharum  officinarum. 

VL  Kingdom  op  Camellias  and  CsLASTRiNSis.  I 

(Chino-Japanese  Kingdom. —  Kampfef^s  Kingdom). 
Japan  and  Northern  China  30*"— 40*".  N.  L.  Mean  Temperature, 

S^'g"  to  68°. 

Character.  —  Magnolia,  Nandina,  Eurya,  Camellia,  Thea,  Celas. 
trus.  Ilex,  Euonymus,  Bumalda,  Hovenia,  Kerria,  Spiraea,  Gonocar- 
pus,  Lagerstroemia,  Aucuba,Bladhia,Dor8Bna,  Eleagnus,Polygonum| 

PoUia. 

Predominating  trees  and  shrubs:  Rhapis  flabelliformis,  Pinus 
sp.;  Taxus  nucifera,  verticillata ;  Cupressus  japonica,  pendula; 
Juniperus  virginiana;  Thuja  orientalis,  dolabrata ;  Quercus  glabra, 
glauca;  Alnus  japonica,  Juglans  nigra,  Broussonetia  papyrifera, 
Daphne  odora ;  Laurus  glauca,  lucida,  umbellata,  pedunculata ; 
Olea  fragrans,  Diospyros  Kaki,  Mespilus  japonica,  Sophora  japo- 
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nica ;  Acer  japonicum,  septemlobatum,  palmaturo,  etc. ;  Camellia 
japonica  and  Sasanqua. 

Cultivated  plants :  Oryza  sativa,  Triticum  vulgare,  Hordeum 
Yulgare,  Avena  sativa,  Sorghum  vulgare,  Eleusine  coracana. 
Polygonum  Fagopyrum,  Cycas  revoluta  (Sago),  Caladlum  escu- 
lentum.  Convolvulus  edulis. 

Pyrus  Malus,  communis,  baccata,  spectabilis ;  Cydonia  vulgaris, 
Prunus  domestica,  Cerasus  vulgaris ;  Armeniaca  vulgaris,  Persica 
vulgaris,  Mespilus  japonica ;  Citrus  japonica,  decumana,  Auran- 
tium,  nobilis,  marginata,  etc.;  Cucumis  Melo,  Thea  chinensia; 
Brassica  Rapa,  orientalis ;  Raphanus  sativus ;  Cucumis  sativua 
Conomon ;  Cucurbita  Pepo,  Citrullus ;  Pimpinella  Anisum,  OJicium 
anisatum.  Soya  hispida ;  Phaseolus  vulgaris,  radiatus ;  Pisum 
sativum,  Faba  vulgaris,  Solanum  sethiopicum,  Sesamum  orien- 
tale.  Cannabis  sativa,  Broussonetia  papyrifera,  Gossypium  her- 
baceum. 

VII.  Kingdom  of  Scitamime^s. 
(Indian  Kingdom  —  Roxburgh's  Kingdom.) 

Both  the  Indian  peninsulas  to  a  height  of  4<—  5000  feet  in  Cey- 
lon.    Mean  Temperature,  65*15^  to  81-5^. 

Character,  —  Tropical  orders  appear  or  become  more  numerous. 
Palms,  Cycadeae,  Scitaminese,  Aroides,  Artocarpeae,  Urticeae, 
Euphorbiacee,  Laurines,  Convolvulaces,  Bignoniacese,  Apocyneae, 
Rubiaceae,  Leguminosae,  Terebinthaceac,  Meliaceae^  Guttiferae, 
Sapindaceae,  Buttneriaceae,  Malvaceae. 

The  following  disappear  or  appearbut  sparingly,  as  Cariceae, 
Coniferac,  Amentaceae,  Labiatae,  Boragines,  Synanthereae,  Rosaceae, 
Caryophylleae,  Cistineae,  Cruciferac,  Ranunculaces. 

Uvaria,  Grewia,  Eriolaena,  Garcinia,  Buchanania,  Crotalaria,  P7e- 
mingia,  Butea,  Carpopogon,  Jambosa,  Gratiola,  Tectona,  Holms- 
kioldia,  Ficus,  Phytocrene,  Calamus. 

Trees  do  not  lose  their  leaves.  The  number  of  tree-like  shrubs 
is  more  considerable,  than  beyond  the  tropic.  Large  magnificent 
flowers.    Many  climbing  and  parasitical  plants. 

Predominating  tree-like  plants :  Dillenia  omala,  scabrella; 
Uvaria  sp.,  Michelia  Campaca  etc.,  Bombax  insignia  etc,  Ster* 
culia  sp.,  Astrapaea  Waliichii,  Elaeocarpus  sp.,  Calophyllum  sp.^ 
Garcinia  sp.,  Sapindus  sp.,  Swietenia  febrifuga,  Cissus  sp.,  Aqui- 
laria  mallaccensis,  Semecarpus  Anacardium,  Melanorrhcea  usitata. 
Mimosa  sp.,  Acaciasp.,  Amherstia  nobilis,  Pterocarpus  santalinumy 
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Cassia  fistula,  Jambosa  sp.,  Gardenia  sp.,  Nauclea  sp.,  Uncaria 
Gambir,  Diospyros  Ebenum  etc.,  Urceola  elastica,  Bignonia 
sp.,  Avicennia  tomentosa ;  Tectona  grandis,  Hamiltoniana ;  Laurus 
Cassia,  Cinnamomum,  Malabatrum ;  Tetranthera  sp.,  Myristica  sp., 
Hernandia  sonora;  Ficus  religiosa,  indica,  elastica,  benjamina,and 
many  others ;  Cycas  revoluta,Borassus  flabelliformis,  Cocos  nucifera. 
Elate  sylvestris,  Metroxylon  Sagus ;  Calamus  Rotang,  rudentum, 
Draco,  etc.;  Areca  Catechu,  Taliera  bengalensis,  Dracaena  Draco^ 
Pandanus  odoratissimus,  Flagellaria  indica,  Bambusa  arundinacea. 
Cultivated  plants :  Oryza  sativa,  Panicum  frumentaceum, 
Eleusine  coracana;  Sorghum  sp. ;  Cycas  circinalis;  Dioscorea 
alata,  Arachis  hypogaea,  Cocos  nucifera,  Tamarindus  indica, 
Mangifera  indica,  Garcinia  Mangostana ;  Musa  paradisiaca,  sa- 
pientum ;  Jambosa  vulgaris,  malaccensis ;  Psidiura  pomiferum ; 
Citrus  Aurantium,  decumana,  etc. ;  Cucurbita  Citrullus,  Saccha- 
rum  officinarum,  CofFea  arabica,  Caryophyllus  aromaticus ;  Piper 
longum,  nigrum,  Betle,  Cubeba ;  Zingiber  officinale ;  Alpinia  Car- 
damomum.  Curcuma  longa.,  Soja  hispida,  Phaseolus,  sp.,  Doli- 
chos  sp.,  Gossypium  herbaceum  ;  Indigofera  tinctoria.  Anil. 

VIII.  Himalayan  Kingdom. 
(  WcdlicKs  Kingdom,) 

The  highlands  of  India,  or  the  mountain  terraces,  lying  on  the 
south  of  the  Himalayan  range,  Kamoon,  Nepal,  Boutan,  4,000  — 
10,000  feet.     Mean  Temperature,  36-5°  to  65-75*^. 

Character. —  Tropical  forms  disappear  or  decrease.  Palmse,  Cy- 
cadeae,  Scitamineae,  Euphorbiaceae,  Solaneae,  Convolvulaceae,  Apo« 
cyneae,  Terebinthaceae,  Leguminosae,  Malvaceae,  Annonaceae. 

Extra-tropical,  particularly  European,  forms  appear,  or  become 
more  frequent  than  in  VH.,  as  Cariceae,  Amentaceae,  Coniferae, 
Polygoneae  (Rumex,  Polygonum,  Rheum),  Primulaceac  (Primula, 
Lysimachia),  Labiatae,  Ericeae,  (Rhododendron,  Andromeda), 
Cichoraceae,  Umbelliferae,  Rosaccae  (Potentilla,  Rubus,  Rosa, 
Mespilus,  Pyrus,  Prunus),  Acerineae,  Caryophylleae  (Stellaria, 
Cerastium,  Arenaria),  Cruciferae,  Ranunculaceae  (Aconitum, 
Ranunculus,  Thalictrum). 

Orchideae  and  Filices,  very  numerous.  To  the  characteristic 
forms  also  belong  Allium,  Paris,  Rantago,  Veronica,  Rhinanthus, 
Pedicularis,  Didymocarpeae,  Gentiana,  Swertia,  Campanula,  Vale- 
riana, Galium,  Cornus,  Viburnum. 

The  most  important  trees  and  shrubs:  Pinus  excelsa;  Abies 
Smithiana,  Brunoniana ;  Cupressus  torulosa,  Podocarpus  latifolia  ; 
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Junipenis  squaroata,  recurva;  Quercus  spicata  etc.,  Corylus 
ferox ;  Betula  utilis,  nitida,  alnoides ;  AInus  nepalensis ;  Salix 
disperma,  cuspidata,  japonica;  Daphne  cannabina,  Gardner!,  se- 
ricea,  Bholua ;  Eleagnus  arborea,  conferta,  umbellata ;  Hippophae 
salicifolia,  Fraxinus  floribunda;  Ligustrum  nepalense,  bracteo- 
latum  ;  Xylosteum  ligustrinum ;  Caprifolium  japonicum,  macran- 
thum;  Comus  oblonga,  capitata;  Viburnum  foetidum  etc.; 
Andromeda  formosa,  ovalifolia,  etc.;  Rhododendrum  arboreum 
etc.,  Hedera  Helix  etc. ;  Ilex  dipyrena,  odorata,  etc. ;  Ribes 
Takare,  Rosa  macrophylla  etc.;  Rubus  rugosus,  betulinus, 
etc. ;  Spiraea  canescens  etc. ;  Neillia  thyrsiflora,  rubiflora ;  Pyrus 
Pashia ;  Mespilus  affinis,  cuila,  etc. ;  Prunus  undulata,  cerasoides ; 
Rhus  juglandifolium,  fraxinifolium,  etc. ;  Rhamnus  sp.,  Celastrus 
sp.,  Euonymus  sp. ;  Acer  acuminatum,  oblongum ;  Dobinaea  vul- 
garis ;  Berberis  asiatica,  Wallichiana,  roiccia. 

Cultivated  plants:  the  com  and  fruit  of  Europe ;  in  the  lower 
parts  some  tropical  kinds,  as  mountain  rice. 

1.  The  highest  regions  of  the  Himalaya  form  perhaps  a  king- 
dom by  itself,  or  but  a  province  of  the  Arctic  Alpine  kingdom ; 
Alpine  forms  are  prevalent. 

2.  The  remaining  high  mountains  and  elevated  plains  of  Central 
Asia  are  in  regard  to  their  vegetation  unknown  to  us. 

S.  Cochin  China  and  the  south  of  China  are  not  sufficiently  ex- 
amined. The  forms  of  this  district  shew  the  passage  of  the 
Japanese  Flora  to  the  Indian.  These  countries  form  either  pro- 
vinces of  the  two  latter  kingdoms,  or  make  one  by  themselves. 

IX.  Polynesian  Kingdom. 
(^Reinwardis  Kingdom.) 
The  islands  between  Hindostan  and  New  Holland  to  a  height  of 
5000  feet  above  the  level  of  the  sea.  Mean  Temperaturty  -\'65'7S^ 

to83•75^ 

Character. — Similar  to  the  Indian  kingdom.  The  principal  dis- 
tinction consists  in  a  greater  number  of  Orchideae  (particularly 
epiphytal,  which  appear  under  many  peculiar  forms),  Filices,  and 
many  sorts  of  figs.  A  slight  approximation  to  the  New  Holland 
forms  in  Melaleuca,  Metrosidcros,  Proteaceae  (Heliophyllum). 
Further  characteristic  forms  are:  Licuala,  Lodoicea,  Rafflesia, 
Brugmansia,  Stemanurus,  Antiaris,  Myristica,  Nomaphila,  Hydro- 
phytum,  Philagonia,  Esenbeckia,  Echinocarpus,  Aromadendrom. 

Predominating  trees  and  shrubs :  Primitive  woods  particularly 
of  Ficus,  Laurineae,  Calameae,  Bignoniaceae,  Licuala  speciosa* 
Lodoicea  Sechellarumi  Broussonetia  papyrifera^  Artocarpus  incisa. 
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Antiaris  toxicaria  (Bohn  Upas),  Myristica  sp.,  Ardisia  sp.,  Tecto- 
na  grandis,  Strychnos  Tieute,  Diospyros  sp. ;  Barringtonia  speciosa, 
excelsa ;  Philagonia  procera,  Cissus  sp.,  Calophylium  Inophyllum, 
Elaeocarpus  sp.,  Esenbeckia  altissima,  Echinocarpus  Sigun. 

Cultivated  plants :  The  same  as  in  the  Indian  kingdom,  along 
with  Artocarpus  incisa,  Janipha  Manihot,  Inocarpus  edulis,  Myris- 
tica moschata,  Laurus  Camphora,  Carica  Papaya ;  Gossypium  ar- 
boreum,  vitifolium ;  Broussonetia  papyrifera.  Cannabis  sativa. 

X.  Highland  Javanese  Kingdom. 
(Slumps  Kingdom.) 

The  higher  regions  (above  5000  feet)  of  Java,  pobably  also 
of  the  neighbouring  islands.     Mean  Temperature^ 

Character. — This  kingdom  is  very  much  like  the  Himalayan,  and 
probably  forms  with  it  but  one.  Extra-tropical  forms  are  in  lieu  o? 
tropical.  Oak-woods  in  lieu  of  fig-woods.  Plantago,  Lysimachia, 
Veronica,  Gentiana,  Swertia,  Vaccinium,  Gaultheria,  Vireya,  Thi- 
baudia,  Bellis,  Galium,  Saprosma. 

Characteristic  trees:  Podocarpus  amara,  imbricata,  latifolia, 
bracteata;  Agathis  loranthifolia,  Quercus  sp.  16,  Myrica  javanica; 
Castanea  javanica,  argentea,  etc. ;  Lithocarpus  javensis ;  Engel- 
hardtia  spicata,  rigida ;  Viburnum  sp.,  Sambucus  javanica,  Haemo- 
spermum  arboreum,  Mespilus  sp. 

XI.  Oceanic  Kingdom. 
(Chamisso's  KingdonL) 

All  the  islands  of  the  South  Sea  within  the  tropic.  Mean 
Temperature,  72-5^  to  81*5**. 

Character. — A  poor  flora,  with  few  peculiarities.  More  approxi- 
mation to  the  flora  of  Asia  than  to  that  of  Africa ;  some  relation 
with  that  of  New  Holland.  (Casuarina,  Proteaces,  Myoporum,  Epa- 
crideae,  Melaleuca,  Acacise  aphylle.)  Schiedea,  Antholoma, 
Aporetica,  Crossostylis,  Codia,  Timonius,  Kadua,  Cyathostegia, 
Argophyllum,  Melodinus,  Ascarina. 

Predominating  trees  and  shrubs:  Dracsena  terminalis,  Tacca 
pinnatifida,  Pandanus  odoratissimus,  Cocos  nucifera,  Corypha  um- 
braculifera,  Cupressus  columnaris;  Casuarina  equisetifolia,  nodiflora; 
Ficus  sp.,  Artocarpus  incisa,  Aleurites  triloba,  Embothrium  strom- 
bilinum,  Scsevola  Koenigii,  Vaccinium  ccreum.  Lobelia  arborea 
etc. ;  Coffea  Kaduana,  Mariniana ;  Kadua  Cookiana  etc. ;  Rhizo* 
phora  Mangle,  gymnorhiza ;  Terminalia  Catappa,  Barringtonia 
speciosa,  Melaleuca  virgata  etc.,  Osteomeles  anthyllidifolia, 
Cassia  Sophora,  Mimosa  Mangium,  Adenanthera  scandensy  Black- 
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burnia  pinnata,  Calophyllum  Inophylluro,  Clusia  sessilis  and  pedi- 
cellata,  Sapindus  Saponaria;  Dodonaea  spathulata,  viscosa;  Aporetica 
pinnata,  ternata ;  Grewia  Mallococca  ;  Sterculia  Balanghas,  foetida ; 
Commersonia  ecbinata,  Tetracera  euryandra. 

Cultivated  plants:  Artocarpus  incisa,Caladiumesculentum(Taro)y 
saglttifolium ;  Arum  macrorbizon,  Tacca  pinnatifida,  ConvoWulus 
chrysorbizus,  Dioscorea  alata,  Cocos  nucifera,  Musa  paradisiaca, 
Inocarpus  edulis,  Sterculia  Balangbas ;  Ficus  aspera,  Granatum ; 
Citrus  decumana,  Spondias  dulcis,  Mimusops  dissecta,  Terminalia 
glabra,  Cratseva  religiosa,  Eugenia  malaccensis.  Dracsena  termi- 
nalis,  Piper  metbysticum,  Areca  olcracea,  Broussonetia  papyrifera. 

XII.  Balsam-Tree  Kingdom. 
(Arabian  kingdom.  —  ForskaTs  Kingdom,) 

The  south-westerly  mountainous  part  of  the  Arabian  peninsula* 
Mean  Temperaturey  .,...,. 

Character,  —  Tropical,  generally  Indian  forms. 

Characteristic  genera :  Stroemia,  Marua,  Senna,  Oncoba,  Cau- 
canthus,  Geruma,  Balsamodendron,  Cadia,  Orygia,  Simbuleta.  Some 
approximation  to  the  South  African  flora  (Stapelia,  Hsmanthus^ 

Predominating  trees  and  shrubs  :  Pandanus  odoratissimus ;  Ficus 
Sycomorus,  salicifolia,  populifolia,  Forskalii,  palmata,  serrata,  Sur, 
Toka ;  Avicennia  tomentosa,  Cynanchum  arboreum,  Coffea  arabica  ; 
Balsamodendron  gileadense,  opobalsamum,  Kataf,  Kafal;  Cela- 
strus  edulis,  parviflora ;  Sterculia  platanifolia,  Grewia  populifolia ; 
Moerua  uniflora,  racemosa. 

Cultivated  plants :  Sorghum  sp.,  Hordeum  hexastichon,  Zea 
Mais,  Arum  Colocasia,  Phoenix  dactylifera,  Musa  paradisiaca^  Cocos 
nucifera,  Tamarindus  indica,  Ficus  Carica,  Carica  Papaya,  Persica 
vulgaris,  Armeniaca  vulgaris,  Prunus  domestica,  Pyrus  Malus,  Cy- 
donia  vulgaris,  Vitis  vinifera,  Coffea  arabica,  Saccharum  officinarum. 
Zingiber  officinale,  Raphanus  sativus,  Spinacia  oleracea,  Cucurbita 
Pepo,  Dolichos  sp.,  Gossypium  arboreum,  Indigofera  tinctoria. 

Note.  The  Persian  flora  is  not  sufficiently  known. 

XIII.  The  Desert  Kingdom. 
(Deliie's  Kingdom.) 

North  Africa,  south  of  Atlas^  and  the  Mediterranean  Sea,between 
the  15^—30**  N.  lat. ;  the  northern  part  of  Arabia.  Mean  Tern- 
peraturey  7-25^  to  86°. 

Character.  —  A  very  poor  flora.  There  are  no  characteristic 
orders  or  genera,  but  the  following:  Pennisetum  dichotomuniy 
Phcenix  dactylifera,  Cucifera  thebaica.  Euphorbia  mauritanica^ 
JEnia  tomentosa;  Acacia  nilotica,  arabica,  gummifera,  Senegal^ 
Cassia  obovata,  Singueana  ;   Alhagi  Maurorum,  Mimosa  Habbas» 


BOOK  V.  GEOGRAPHY,  615 

Zizyphus  Palroa  Christi,  Zygophyllum   simplex,  album ;   Fagonia 
arabica,  OudDeji. 

Culture  only  in  the  oases:  principally  Phc&nix  dactylifera, 
Sorghum  Tulgare,  Triticum  vulgare,  Hordeum  vulgare;  several 
sorts  of  fruit  proper  to  the  South  of  Europe  and  India. 

XIV.  Tbopical  African  Kingdom. 
{AdansoTiB  Kingdom,) 

Africa  from  the  15°  N.  L,  to  the  tropic  of  capricom,  but  with 
the  exception  of  Abyssinia  and  the  central  highlands  (the  interior 
of  Africa  and  the  east-coast  are  very  incompletely  known).  Mean 
Temperature,  72-5''  to  86®. 

Character.  —  This  flora  is  neither  rich  in  sorts  nor  in  peculiar 
forms.  Leguminosse,  Ruhiaceae,  Cyperacese,  are  prevalent;  few 
Palms,  Filices,  Scitamineae,  Piperaceso,  Passifloreae. 

Characteristic  genera:  Adansonia,  Melhania,  Christiania,  Pent- 
adesma,   Napoleona,  Parkia,  Hoflandia,  Thonningia. 

Predominating  trees  and  shrubs:  Annona  senegalensis  etc., 
Cadaba  farinosa,  Cratseva  Adansonii,  Capparis  edulis,  Pentadesma 
butyracea  ;  Bombax  pentandrum,  guineense ;  Adansonia  digitata^ 
Sterculia  acuminata,  Grewia  carpinifolia,  Acacia  sp..  Cassia  occi- 
dentalism Pterocarpus  esculentus,  Parkia  africana,  Chrysobalanus 
Icaco,  Conocarpus  pubescens,  Rhizophora  sp.,  Psychotria  sp.,  Big- 
nonia  Tulipifera,  Avicennia  africana.  Euphorbia  frutescent  species, 
Flcus  sp.,  Elais  guineensis,  Rpahia  vinifera.  Phoenix  spinosa,  Pan- 
danus  candelabrum. 

Cultivated  plants :  Zea  Mais,  Oryza  sativa ;  Sorghum  vulgare, 
aiaccharatum  ;  Panicum  sp.  (Grussub.) ;  Dioscorea  alata,  sativa  ; 
latropha  Manihot,  Caladium  esculentum. 

Musa  sapientum,  Mangifera  indica,  Carica  Papaya,  Bromelia 
Ananas,  Elais  guineensis,  Anacardium  occidentale,  Ficus  sp.,  Tama- 
rindus  indica.  Citrus  sp.,  Coffea  arabica ;  Saccharum  officinarum, 
punctatum  ;  Zingiber  officinale ;  Amomum  Cardamomum,  Granum 
Paradisi. 

Phaseolus  vulgaris  etc.,  Dolichos  oleraceus,  Arachis  hypogsa, 
Solanum  edule  etc 

Gossypium  sp.,  Nicotiana  sp. 

Note.  The  flora  of  Abyssinia  is  unknown. 

XV.  Kingdom  of  the  Cactus  and  PiPERACSiE. 

(Jacquin*s  Kingdom,) 

Mexico  and  South  America  to  the  Amazon  river,  and  to  a  height 
of  5000  feet  above  the  level  of  the  sea  0^30^  N.  L.  Mean  Tern- 
perature^  68*^  to  8375^. 
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Cactgar.  >»ixmer';u:9  tropical  crden :  E;ipaorbuceae.  CooToiviiIacae, 
Apocjces,  Rabiaceae.  Tropical  ortien  which  are  here  ieai  fre- 
quent than  in  ocfaer  oxmtrea  wichic  the  tropici:  FILiccsw 
Orchideae,  M jrtaceae.  Le^umirxmat,  TferebinthacMr-  Ai 
Tdiaetm,  yUlrigctat.  Lxcra-tropical  orders  appear  or  becooie 
Dinaerom:  I,.abiarg,  Endaeat.  Campannlaceg  Compasite,  Ui 
beilifov,  Craasulaces.  Ro4aceae.  C<irTopbjiLeae,  Crudrenet  Banm- 


Charactmjtic  genera:  Ffijtelephas,  Konthia,  Galactodendnnn, 
PcdoptenUr  Saipianthiu,  Ruueliia,  Lagascea,  Grooawm,  Ingm, 
Thoaxnia,  Lacepedia,  Theobroma,  Guazoma. 

Predoniinatmg  treelike  plants:  Cjathea  spedosa,  viSoa ;  Menia- 
ciixm  arborescens,  Agare  americana,  Yacca  acanlis:  Cocoa  naci- 
fera,  botjracca;  Mauritia  fiezocsa,  Martinezia  carjotifoUa,  Oreo- 
doxa  montana,  Kimthia  men  tana,  Chanuerops  Mocini;  Corjpha 
Miraguana,  Pumoa,  tectonun,  etc.;  Liqaidambar  styracifioay 
Cecropia  peltata,  Galactodendron  atile,  Rbopala  oborata,  Atuxii- 
nia  tofneotofa,  Ehretia  temifolia.  Cordia  dentata,  Cerens  fp.,  Melo- 
cactos  ^Opuntia  ftp-,  Pereskiaand  Mammillaria  tp.,  Lecjthis  ellip- 
tica  etc.,  Bertholletia  excelsa,  Melastonue  arboreacentes ;  Ban* 
binia  iplendeni,  suaTeolens,  etc.;  Hsmatozjlum  campechianani, 
CKtalpinia  catsioides  etc.;  Acacia  comigera,  foetida, etc. ;  Hjme- 
Mea  Courbaril  etc. ;  Inga  insignis,  Humboldtiana,  etc ;  Mimma 
§p^  Swietenia  Mahagoni,  Bonplandia  trifoliata. 

Cultivated  plants:  Zea  Mais,  Sorghum  Tulgare,  lanipha  Manihot, 
Dioscorea  alata.  Convolvulus  Batatas. 

Musa  paradiftiaca,  Mangifera  indica ;  Annona  muricata»  squa- 
mosa ;  Psidiuro  pomiferum  and  pyriferum,  Cocos  nucifera,  Carica 
Papaya,  Persea  gratissima,  Bromelia  Ananas,  Anacardiom  ocdden- 
tale,  Taroarindus  indica.  Citrus  sp.,  Passiflora  quadiaogularis,  Vitis 
▼inifera,  Opuntia  vulgaris,  lambosa  vulgaris,  Theobroma  Cacao, 
Vanilla  aromatica,  Coffea  arabica;  Saccharum  offidnarom,  Tio- 
laceum;  Lycopersicum  Humboldtii,  Capsicum  frutescent,  annuum; 
Cajanus  flavus,  Arachis  hypogaea,  Opuntia  coccinelliferay  Niootiana 
sp.,  Gossypium  barbadense  etc. 

XVL  Kingdom  of  the  Mexican  Highlands. 
(BonplatuTi  Kingdom.) 

Mexico,  elevated  more  than  5000  feet.  Mean  TemperaiHre, 
eS'lif  to  79-25^ 

Character,  —  Tropical  forms  disappear  or  decrease :    FSicea 
arbore«i  Palms^,  Piperaceae,  Euphorbiacese,  Melastomace«»  Fasai- 
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florese.  Extra-tropical  forms  appear  or  become  more  numerous. 
Amentace8e(Salix,  Quercus),  Coniferae  (PiDuSyCupressus),  LabiaUe 
(Salvia,  Stachys,  Marrubium),  Pedicularis,  Anchusa,  Myosotis, 
Polemonium,  firices  (Vaccinium,  Arbutus,  Arctostaphylos),  Synan- 
therese  (increasing  very  much),  Valeriana,  Galium,  Comus,  Capri- 
folium,  Umbelliferae,  Rosaceas  ( Amygdalus,  Mespilus,  Rosa,  Poten- 
tilla),  Caryophylleae  (Arenaria),  Cruciferae  (Draba),  Ranunculaceaa 
(Anemone,  Ranunculus). 

Characteristic  genera:  Mirabilis,  Maurandya,  Leucophyllum, 
Hoitzia,  Georgina,  Zinnia,  Sckhuria,  Ximenesia,  Lopezia,  Vauque- 
linia,  Choisya,  Cheirostemon. 

Predominating  trees  and  shrubs :  Pinus  occidentalis,  Abies  hir- 
tella;  Cupressus  thurifera,  sabinoides ;  Taxodium  distichum,  Quer- 
cus  sp.  16 ;  Salix  Bonplandiana,  paradoxa,  etc. ;  Arbutus  mollis, 
petiolaris,  etc. ;  Arctostaphylos  polifolia,  pungens,  etc. ;  Vacci- 
nium geminiflorum,  stamineum,  confertum;  Rosa  Montezumas, 
Mespilus  pubescens,  Amygdalus  microphylla,  Cheirostemon  plata- 
Doides. 

Cultivated  plants :  Maize,  the  European  cerealia  and  fruits. 

Note.  In  the  highest  mountain-regions  the  flora  has  an  alpine 
aspect:  here  appear  Cyperus  toluccensis,  Chelone  gentianoidesy 
Cnicus  nivalis,  Ageratum  arbutifolium,  Senecio  procumbens  etc, 
Potentilla  ranunculoides ;  Lupinus  elegans,  montanus ;  Arenaria 
bryoides. 

XVn.  Kingdom  of  the  CiNCHONiE. 
(HttmbolcU's  Kingdom^) 

The  Andes,  between  20^  S.  L.  and  S""  N.  L.  from  5000  to  9000 
feet  in  elevation.  Mean  Temperaiurey  59^  to  68^. 

Character.  —  Extra- tropical  forms  appear  or  become  more  fre- 
quent :  Gramineae,  Amentaceae  (Quercus,  Salix),  Labiate  (Salvia, 
Stachys,  Scutellaria),  Anchusa,  Myosotis,  Swertia,  Ericeae,  Synan- 
thereae  (very  numerous),  CaprifoHaceae  (Viburnum,  Sambucus), 
Umbelliferae  (Ferula,  Ligusticum),  Rosaceie,  Cruciferae,  Ranuncu- 
laceae.  On  the  contrary,  some  tropical  forms  disappear,  or  become 
scarce  ;  but  yet  several  sorts  of  Palmae,  Piperaceae,  Cacteae,  Passi- 
floreae,  Melastomaceae  go  to  a  considerable  height. 

Characteristic  genera :  Lilaea,  Cervantesia,  Oreocallis,  Lachnos- 
toma,  Gaylussaccia,  Stevia,  Flaveria,  Tagetes,  Espeletia,  Cinchonay 
Guilleminia,  Loasa,  Kageneckia,  Negri tia,  Amicia,  Perrottetia,  Du- 
longia,  Laplacea,  Freziera,  Abatia,  Monnina. 

Predominating  tree-like  plants:  Oreodoxa  frigida,  Cereoxylon 
andicola,  Podocarpus    taxifolia,    Salix   Humboldtiana ;    Quercus 
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Humboldtiana,  almaguerensis,  tomilensis ;  Ficus  velutma,  Rho- 
pala  cordifolia,  Orcocallis  grandiflora ;  Persea  laevigata,  Mutisii, 
sericea;  Ocotea  mollis,  sericea;  Vaccinium  caracasanum,  Andro- 
meda bracamorensis ;  Befaria  glauca,  ledifolia  ;  Ciochona  Con- 
daminea,  cordifolia,  oblongifolia,  etc. ;  Weinmannia  elliptica,  Bal- 
bisiana,  etc. ;  Osteomeles  glabrata,  Rubus  floribundus ;  Ilex  bume- 
lioides,  myricoides  ;  Clusia  elliptica. 

Cultivated  plants:  Tlie  tropical  cultivated  plants  mentioned 
under  XV.  disappear  nearly  totally.  But  yet  in  this  kingdom  maize 
and  coffee  are  grown  :  they  are  joined  with  the  European  cerealia 
and  fruits,  potatoes,  and  Chenopodium  Quinoa. 

XVIII.   Kingdom  of  Escallonias  and  Calceolarias. 

(Huiz  and  Pavons  Kingdom.) 

The  Andes,  between  20°  S.  L.  and  5°  N.  L.,  and  more  than  9000 
feet  above  the  level  of  the  sea.  Paramo  and  Paxonal.  Mean 
Temperature,  34-25°  to  59°. 

Character.  —  Tropical  forms  almost  entirely  disappear ;  but 
still  the  following  genera  are  found :  Tillandsia,  Oncidium, 
Peperomia,  Rhexia,  and  Passiflora.  On  the  contrary,  the  forms 
which  characterise  the  colder  and  polar  zone  become  frequent : 
Lichenosae,  Musci,  Carex,  Luzula,  Ainus,  Rumex,  Plantago,  Gen- 
tiana,  Swertia,  Vaccinium,  Campanula,  Cacalia,  Senecio,  Umbelli- 
ferse,  Valeriana,  Saxifraga,  Ribes,  Rubus,  Alchemilla,  Caryophyllese 
(Sagina,  Arenaria,  Cerastium,  Stellaria),  Cruciferse  (Draba,  Arabia). 
Prevalent  orders :  Synanthereee,  Gramine«,  Ericeee. 

No  large  trees.  Characteristic  genera:  Deyeuxia,  Tigridia» 
Gardoquia,  Calceolaria,  Thibaudia,  Lysipoma,  Barnadesia,  Hseman- 
thus,  Chuquiraga,  Culcitium,  Wernera,  Dumerilia,  Escallonia,  Pec- 
tophytum,  Klaprothia,  Polylepis. 

Predominating  shrubs:  ^Inus  ferruginea,  acuminata;  Vacci- 
nium acuminatum,  empetrifolium,  floribundum,  etc;  Thibaudia 
rupestris,  floribunda,  longifolia,  strobilifera ;  Befaria  grandiflora,  and 
coarctata;  Ribes  frigidum ;  Escallonia  myrtilloides,  tortuosa,  Tubar, 
berberidifolia ;  Ilex  scopulorum,  Dryrais  granatensis. 

XIX.  West-Indian  Kingdom. 
(Stoartz's  Kingdom.) 

The  West-Indian  Islands.   Mean  Temperature,  59^  to  79-25®. 

Charactet. —  The  flora  of  this  group  of  islands  appfoachet  that 
of  the  Continent,  but  it  chiefly  distinguished  (as  the  flora  of 
Polynesia  is  from  the  Indian)  by  the  great  quantity  of  Filicet  and 
Orchideae.    Besides  these  orders,  the  foUowing  genera  belong  to 
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the  characteristic  forms :  Thrinax,  Epistylium,  Alchornea,  Tanae- 
cium,  Tetranthus,  Catesbaea,  Belonia,  Portlandia,  Picramnia,  Leg- 
notis,  Lithophila,  Valentinia,  Hypelate. 

Among  the  predominating  woody  plants,  merit  to  be  mentioned, 
Cocos  nucifera,  Pinus  occidentalism  Laurus  sp.,  Melastoma  sp., 
Myrtus  sp.  Uvaria  sp. 

The  cultivated  plants  are  the  same  as  in  XV. 

XX.  Kingdom  of  Palms  and  Melastomje. 
(MarHus*s  Ktnffdom.) 

Brazil,  or  South  America  on  the  east  of  the  Andes,  between  the 
equator  and  the  tropic  of  Capricorn.    Mean  Temperature,  59^  to 

83-7^ 

Character*  —  It  is  probably  this  part  of  the  surface  of  the  earth 
in  which  the  vegetable  kingdom  shows  itself  in  the  greatest  abund- 
ance and  variety.  Especially  remarkable  for  richness  in  genera  and 
species,  size  of  individuals,  impenetrable  woods,  numerous  climbing 
and  parasitical  plants.  A^  characteristic  though  not  peculiar  or- 
ders, may  be  mentioned  Palmae,  Hsemodoracese,  Gesnerieae,  Melas- 
tomacese,  Sapindaceae ;  the  order  Vochyaceee  is  peculiar.  Of  peculiar 
genera  there  are  too  many  to  enumerate ;  among  the  most  remark- 
able ar^ :  Vellosia,  Barbacenia,  Manihot,  Franciscea,  Ditassa, 
Lychnophora,  Diplusodon,  Kielmeyera,  Sauvagesia,  Lavradia. 

Characteristic  genera  and  species,  according  to  their  different 
localities  :  In  the  primitive  woods,  Palmarum  genera  varia :  Thoa, 
Ficus,  Cecropia,  Anda,  Rhopala,  Myristica,  Bignonia,  Theophrasta, 
Stiftia,  Oxyanthus,  Coutarea,  Psychotria,  Bertiera,  Feuiliea,  Carica, 
Myrtus,  Gustavia,  Lecythis,  Bertholletia,  Melastoma,  Hymeniea, 
Dimorpha,  Trattininkia,  Pilocarpus,  Trichilia,  Cedrela,  Cupania, 
Banisteria,  Hippocratea,  Caryocar,  Marcgravia,  Clusia,  Calophyl- 
lum,  Sloanea,  Gothea,  Lebretonia,  Abroma,  Carolinea,  Biza, 
Uvaria. 

In  the  Catingas  (deciduous  woods) :  latropha  sp..  Acacia  sp., 
Mimosa  sp.,  Csesalpinia  pubescens  etc.,  Spondias  tuberosa,  Thry- 
allis  brasiliensls,  Chorisia  ventricosa,  Bombax  sp.,  Eriodendron 
sp.,  Pourretia  ventricosa,  Capparis  lincata  etc«,  Anona  obtusi- 
folia  etc. 

In  the  open  bushy  plains  (campos),  Panicese,  Amaryllis,  Alstroe- 
meria,  Vellosia,  Barbacenia,  Burmannia,  Stelis,  Cnemidostachys, 
Rhopala,  Laurus,  Ocotea,  Gomphrena,  Lantana,  Echites,  Hancor* 
nia  speciosa,  Gesneria,  Lychnophora,  Baccharis,  Vemonia,  Mikania, 
Stevia,  Melastoma,  Rhexia,  Terminalia  fagifolia,  Gaudichaudia, 
Sauvagesia,  Lavradia,  Plectranthera. 
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On  the  sea-coast :  Cocos  schizophylla,  Diplothetnium  maritimuni, 
Eriocaulon  sp.,  Xyrissp.,  Avicennia  tomentosa,  Rhizophora  Mangle, 
Conocarpus  erectus,  Laguncularia  racemose,  Bucida  Buceras. 
The  cultivated  plants  are  nearly  the  same  as  in  XV.  Theachinensis. 

XXI.  Kingdom  of  Woodt  Compositje. 
(St,  ff Hatreds  Kingdom.) 

South  America  on  the  east  of  the  Andes  from  the  tropic  of 
Capricorn  to  40®  S.  L.    Mean  TemperaturCy  59°  to  74-75°. 

Character. — Tropical  forms  decrease  or  disappear,  extra-tropical, 
particularly  European,  take  their  places :  Ranunculacese,  Cruciferse, 
Helianthemum,  Caryophyllete,  Lathyrus,  Galium,  Teucrium,  Plan- 
tago,  Carex ;  some  South  African  :  Polygala,  Oxalis^  Gnaphalium. 
More  than  half  of  the  genera  are  common  to  this  kingdom  and 
Europe.  Many  Compositse,  among  them  many  woody  ones. 
Larrea,  Hostia,  Diposis,  Boopis,  Acicarpha,  Cortesia,  Petunia, 
laborosa,  Tricycla,  Caperonia,  Bipinnula. 

Generally  naked  plains  (pampas),  where  grasses  and  thistles  are 
predominating. 

Cultivated  plants:  the  most  European  are  wheat  and  vine. 
The  peach  tree  is  very  much  dispersed. 

Note.  The  Chilian  flora  is  not  sufficiently  known,  and  the  indi- 
cations of  heights  are  wanting.  Probably  several  kingdoms  are 
to  be  distinguished  here.  Perhaps  the  highest  regions  belong  to 
Kingdom  XVIII. 

XXII.  Antarctic  Kingdom. 
(  Vrville*i  Kingdom,) 
The  south-westerly  part  of  Patagonia ;  Tierra  del  Fuego,  and 
the  Falkland  Islands,  between  50°  and  55^S.  L.  Mean  Temperature^ 

41°  to  47-75°. 

Character.  —  Great  resemblance  with  the  North  European  flora 
(Kingdom  II.).  Tropical  forms  entirely  disappear.  Prevalent 
orders:  Synantherese,  Gramineae,  Caricese,  Musci,  Lichenosae. 
Frequent  also  are :  Ranunculacese,  Crucifers,  Caryophyllese,  Rosa- 
cese,  Umbelliferse :  two-thirds  of  the  genera  are  found  in  Europe. 
A  slight  approximation  to  South  Africa :  Gladiolus,  Witsenia,  Ga- 
laxia,  Crassula;  and  to  New  Holland:  Embothrium,  Ourisia, 
Stylidese,  Mniarum.  Characteristic  genera:  Gaimardia,  Astelia, 
Callixene,  Philesia,  Drapetes,  Boea,  Calceolaria,  Pernettia,  Oligos- 
porus,  Nassavia,  Bolax,  Azorella,  Donatia,  Acaena,  Hamadryas. 

Predominating  tree-like  planto :  Fagus  antarctica,  Salix  magel- 
lanica,  Embothrium  coccineum ;  Pernettia  empetrifolia,  mucronata; 
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Andromeda  Myrsinites,  Baccharis  tridentata,  Chiliotrichum  amel- 
loides,  Ribes  magellanicum,  EscalloDia  serrata,  Fuchsia  coccinea, 
Mjrtus  nummularia ;  Berberis  ilicifolia,  inermis,  microphylla,  empe- 
trifolia ;  Drymis  Winter!. 
No  culture. 

XXIII.   Kingdom  of  Stafelias  and  Mesembrtanthemums. 

{Thunherg^s  Kingdom.) 

South  Africa,  from  the  tropic  to  35^  S.  L.  Mean  Temperatwre^ 
54-5°  to  TS-S**. 

Character. — The  flora  is  very  rich  in  forms,  but  by  no  means  lux- 
uriant ;  there  are  no  large  thick  woods,  nor  any  climbers  ;  but  many 
succulent  plants.  Characteristic  orders :  Restiaceee,  Iridese,  Prote- 
acese,  Ericaceae,  Ficoideae,  Bruniaceae,  Diosmeae,  Geranieae,  Oxalideie, 
Polygaleae.  Genera:  Restio,  Ixia,  Gladiolus,  Moraea,  Watsonia, 
Haemanthus,  Strumaria,  Agapanthus,  Eucomis,  Massonia,  Strelitzia, 
Aphyteia,  Passerina,  Gnidia^  Protea,  Leucadendron,  Leucosper- 
roum,  Serruria,  et  Proteacearum  pi.  genera,  Stilbe,  Selago,  Sta- 
pelia,  Erica,  Gnaphalium,  Elichrysum,  Stobaea,  Pteronia,  Osteo- 
spermum,  Tarchonanthus,  Relhania,  Gorteria,  Arctotis^  Othonna, 
Stoebe,  CEdera,  Anthospermum,  Mesembryanthemum,  Vahlia, 
Liparia,  Borbonia,  Lebeckia,  Raffnia,  Aspalathus,  Staavia,  Brunia, 
Phylica,  Diosroa,  Pelargonium,  Oxalis,  Sparmannia^  Mural tia,  Poly- 
gala,  Penaea. 

Prevailing  forms.  On  the  sandy  coasts :  Stapelia,  Irideae,  Mesem- 
bryanthemum, Restio,  Diosma.  On  the  mountains :  Proteaceae, 
Erica,  Crassula.  In  the  dry  high-plains  (karro) :  Acacia  capensis, 
GirafFa,  detinens,  viridiramis;  Euphorbia  mauritanica,  tenax;  Poa 
spinosa,  Mesembryanthemum  sp.,  Aloe,  Irideae,  but  not  any  Pro- 
teaceae, Erica,  Diosmeae,  Restio. 

Some  other  remarkable  species:  Haemanthus  coccineus,  Ama« 
ryllis  toxicaria,  Testudinaria  montana  and  Elephantopus^  Podo- 
carpus  elongatus,  Salix  Gariepina;  Protea  mellifera,  grandiflora; 
Leucadendron  argenteum,  Laurus  bullata,  Lycium  tetrandrum, 
Olea  similis,  Rhigozum  trichotomum,  Tarchonanthus  camphoratus, 
Stoebe  Rhinocerotis,  Crassula  coccinea,  Portulacaria  afra;  Mesem- 
bryanthemum edule,  turbiniforme ;  Metrosideros  angustifolia,  Aca- 
cia elephantina,  Zizyphus  bubalina,  Calodendron  capense. 

Cultivated  plants:  the  European  cerealia,  fruits,  and  veget- 
ables; also,  Sorghum  caffrorum,  Convolvulus  Batatas,  Musa  para- 
disiaca,  Tamarindus  indica,  Psidium  pomiferum,  Citrus  decu- 
mana. 
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XXIV.  Kingdom  of  Eucalypti  and  Epacrideje. 

(/?•  BTo%DfCs  Kingdom^ 

Extra-tropical  New  Holland,  and  Van  Diemen's  Land.  Mean 
Temperature^  +  52-25**  to  +  72-5''. 

Character. — One  of  the  richest  and  most  peculiar  floras ;  although 
without  any  considerable  abundance  of  vegetation.  The  charac- 
teristic orders  and  genera  are :  Xerotes,  Xanthorrlioea,  Pterostylis, 
Casuarineae,  Leptomeria,  Pimelea,  Froteaceae  (Banksia,  Hakea, 
Persoonia,  Grevillea,  Petrophila,  Isopogon,  Dryandra),  Myopo- 
rineae,  Westringia,  Logania,  Mitrasacine,  Epacridese  (Epacris, 
Leucopogon,  Styphelia),  Stackhouseae  Scaevolese,  Goodenoviese, 
Stylidese,  Eucalyptus,  Melaleuca,  Leptospermum,  Acaciae  aphyl- 
Ise,  Platylobium,  Bossisea,  Diosmeae  (Boronia,  Zieria),  Pittos- 
porcae,  Tremandreae,  Pleurandra,  Hibbertia. 

Predominating  trees  and  shrubs  :  Three  fourths  of  the  woods  are 
formed  of  species  of  Eucalyptus,  whose  number  exceeds  a  hundred. 
Next  to  them,  the  Proteaceae,  Epacridese,  Diosmese,  Casuarineae, 
Acaciae  aphyllae,  form  woods  and  bushes.  Of  Coniferae,  Arau- 
caria  excelsa,  Podocarpus  spinulosus,  are  found. 

Cultivated  plants  :  The  European  cereal ia  and  fruits. 

Note.  Tropical  New  Holland  is  not  sufficiently  examined ;  its 
flora  is  less  peculiar,  and  perhaps  but  a  province  of  the  Polynesian 
kingdom  (IX.). 

XXV.  New  Zealand  Kingdont. 
(^Porster^i  Kingdom,) 

The  two  New  Zealand  islands.    Mean  Temperature^  temperate. 

Character. — Tropical  forms  disappear,  or  appear  very  sparingly. 
One  half  of  tlie  genera  are  European.  Approximation  to  New 
Holland ;  Pimelea,  Myoporum,  Epacris,  Styphelia,  Cassinia,  Mela- 
leuca: to  South  Africa;  Restio,  Gnaphalium,  Xeranthemum, 
Tetragonia,  Mcsembryanthemum,  Oxalis :  to  the  Arctic  kingdom  ; 
Mniarum,  l^uchsia,  Acaena,  Drymis,  a  great  many  f'ilices ;  Phor- 
mium,  Pennantia,  Knightia,  Forstera,  Shavia,  Griselina^  Melicope, 
Dicera,  Plagianthus,  Melictus. 

Characteristic  species :  Cyathea  medullaris,  Gleichenia  furcata, 
Dracaena  indivisa,  australis;  I^ormium  tenax,  Areca  sapida, 
Knightia  excelsa,  Avicennia  resinifera,  Andromeda  rupestris, 
Epacris  juniperina  etc.,  Weinmannia  racemosa,  Tetragonia  ex- 
pansa,  Fuchsia  excorticata,  Melaleuca  sp. ;  Dicera  dentata,  serrata. 

Cultivated  plants:  Caladium  esculcntum,  Convolvulus  chryso- 
rhizus,  Phormium  tenax,  Broussonetia  papyrifera. 
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This  is  obviously  an  imperfect  sketch,  and  has  many  faults ; 
but  it  is  upon  whole  the  best  general  view  that  has  yet  been 
taken  of  the  subject,  and  has  the  advantage  of  showing  the 
student  in  what  way  to  turn  his  attention  to  the  enquiry. 

In  concluding  this  important  and  very  interesting  subject, 
I  must  refer  the  reader  who  is  desirous  of  further  information 
to  the  writings  of  Brown  in  the  appendix  to  Captain  Flin- 
deiVs  Voyage^  and  Tucke3r's  Expedition  to  the  Congo  ;  to  De 
Candolle's  Essay  upon  the  Greography  of  Plants,  published  in 
the  18th  volume  of  the  Dictionnaire  des  Sciences  Naturellcs  ; 
to  the  numerous  writings  of  Humboldt ;  to  the  observations 
upon  the  subject  by  Schouw,  as  translated  in  Brewster's 
Edinburgh  Joumaly  and  to  Royle's  most  instructive  work 
on  the  Flora  of  the  North  of  India  and  Cashmere. 
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morphology;  or,  of  the  metamorphosis  of 

ORGANS. 


That  part  of  botany  which  treats  of  the  gradual  transmu- 
tation of  leaves  into  the  various  organs  of  a  plant,  which  shows 
that  bracts  are  leaves  affected  by  the  vicinity  of  tlie  fructifi-* 
cation,  that  the  calyx  and  corolla  are  formed  by  the  adhesion 
and  verticillation  of  leaves,  that  the  filament  is  a  form  of 
petiole,  and  the  anther  of  blade ;  and,  finally,  that  the  ovary 
itself  is  a  convolute  leaf,  with  its  midrib  lengthened  into  a 
style,  and  the  extremity  of  its  vascular  system  denuded  under 
the  form  of  stigma,  is  called  morphology.  This  doctrine  has 
already  been  treated  of  in  this  work,  in  connection  witli  the 
different  organs  of  which  mention  has  been  made ;  but  it  is  so 
curious  and  important  as  to  deserve  especial  mention. 

By  Miquel  its  origin  has  been  ascribed  to  Aristotle  and 
Theophrastus ;  but  on  no  sufficient  grounds,  imless  we  suppose 
it  to  be  a  mere  modification  of  the  Aristotelian  theory,  that 
nature  always  advances  from  imperfect  forms  to  those  of  a 
more  perfect  nature. 

The  first  distinct  idea  of  the  subject  appeared  in  the  second 
volume  of  the  tenth  edition  of  tlie  Systema  NaturtBj  pub- 
lished in  1759,  in  which  Linneeus  thus  expresses  himself:  — 
<^  Leaves  are  the  creation  of  the  present  year,  bracts  of  the 
second^  calyx  of  the  thirdj  petals  of  thefourthj  stamens  of  the 
/^Vh  and  the  stamens  are  succeeded  by  the  pistil.     This  is 
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apparent  from  Ornithogalums,  luxuriant  plants,  proliferous 
plants,  double  flowers,  and  Cardui." 

In  December,  1760,  these  novel  propositions  were  sustained 
by  Linnaeus  in  a  thesis  prepared  in  the  name  of  his  pupil  Ull- 
mark,  called  the  Prolepsis  Plantarum.  The  substance  of  this 
paper  I  shall  endeavour  to  condense,  in  order  that  it  may 
appear  how  far  the  discoveries  or  hypotheses  of  some  modem 
writers  are  entitled  to  novelty;  leaving  out,  however,  all  that 
relates  to  the  physiological  explanation  given  by  Linnseus  of 
his  doctrine,  which,  being  formed  upon  notions  that,  although 
entertained  at  that  time,  are  now  known  to  be  inconsistent 
with  facts,  need  not  here  be  repeated. 

Linnseus  commences  by  remarking,  that  ^^  as  soon  as  leaves 
have  expanded  themselves  in  spring,  a  bud  is  observable  in 
the  axil  of  each.  This  bud  swells  as  the  year  advances, 
and  in  time  becomes  manifestly  composed  of  little  scales :  in 
the  autumn  the  leaves  fall  off,  but  the  bud  remains ;  and  in 
the  succeeding  spring  swells,  disengages  itself  from  its  enve- 
lopes, and  becomes  lengthened :  when  its  outer  scales  have 
dried  up  and  fallen  off,  the  inner  ones  are  expanded  into 
leaves  (like  the  wings  of  a  butterfly  emerging  from  its  pupa), 
which  separate  from  each  other  by  means  of  a  gradual  exten- 
sion of  the  young  branch,  and  presently  each  new  leaf  is  found 
to  contain  in  its  bosom  a  little  scaly  bud,  which,  in  the  follow- 
ing season,  will  also  be  developed  as  a  branch,  with  other 
leaves  and  other  buds.  Now,  when  I  see  a  tree  adorned  with 
leaves,  and  in  the  bosom  of  these  leaves  provided  with  its 
little  buds,  it  is  natural  to  inquire,  of  what  do  these  buds  con- 
sist ?  Do  they  consist  of  the  rudiments  of  leaves  with  their 
gemmules,  the  latter  of  other  leaves  and  buds,  and  so  on  to 
infinity,  or,  at  least,  as  far  as  the  extension  of  the  plant  is 
likely  to  proceed  ?  Nature  organises  living  beings  out  of  such 
minute  particles,  and  even  from  fluids  themselves,  that  tlie 
best  eye  may  in  vain  seek  to  penetrate  far  into  her  mysteries. 
I  shall,  however,  endeavour  to  show  that  the  composition  of 
buds  does  not  extend  further  at  one  time  than  provision  for 
six  years ;  just  as,  among  animals,  we  find  the  little  Volvox 
glohator  containing  within  the  mother  its  children,  grand- 
children, great-grandchildren,  and  great-great-grandchildren 
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down  to  the  sixth  generation."     The  substance  of  the  subse- 
quent observations  is  this. 

^*  If  a  plant,  which  has  flowered  and  fruited  for  many  suc- 
cessive years  in  a  pot,  is  transferred  to  a  rich  soil  and  warmer 
station,  it  breaks  forth  into  branches  instead  of  flowers. 
Hence  it  appears  that  branches  and  leaves  can  be  produced 
from  the  provision  made  for  flowers,  provided  circumstances 
are  favourable  to  their  developement.** 

As  to  bractSf  ^^  the  bulbs  of  hyacinths  and  omithogalums 
afford  good  evidence  of  their  nature.  Both  bulbs  and  buds 
are  winter  coverings  of  plants,  with  this  difference,  that  bulbs 
are  the  bases  of  leaves  of  the  previous  year,  while  buds  are 
the  rudiments  of  leaves  of  a  coming  year.  Wherever  bulbs 
grow,  there  are  formed  the  persistent  bases  of  leaves,  within 
which  young  leaves  are  to  be  developed :  within  these  latter 
leaves  repose  the  buds  or  rudiments  of  future  plants,  exactly 
the  same  as  the  buds  of  trees.  These  buds  consist  of  the  ru- 
diments of  leaves  of  the  succeeding  year ;  small  indeed,  but 
containing  in  their  axils  other  rudiments  of  like  nature. 
Now,  if  it  happens  that  such  a  plant  flowers,  the  bud,  which 
would  otherwise  have  produced  leaves  the  year  afler,  is  con- 
verted into  a  scape  a  year  earlier ;  whence  it  comes  to  pass 
that  the  rudimentary  leaves  lying  in  the  bud  lose  a  part  ai 
their  nutriment,  in  consequence  of  the  sap  being  drawn  ofi^  to 
the  fructification :  wherefore  those  leaves  continue  small, 
assume  a  different  structure,  easily  wither,  and  are  called 
by  botanists  bracts.  Thus  bracts  are  nothing  but  leaves 
which  would  have  been  developed  another  year  if  the  plant 
had  not  flowered.** 

As  to  the  calt/x,  "  That  the  calyx  is  only  the  approxi- 
mated leaves  of  a  plant,  is  apparent  from  several  instances. 
The  calyxes  of  Pyrus  and  Mespilus  are  often  expanded  into 
perfect  leaves ;  the  rose  offers  a  similar  instance  of  the  change. 
The  leaves  of  Mesembryanthemum  barbatum  are  supplied 
with  a  most  curious  apparatus  of  hairs ;  and  the  calyx  con- 
sists of  five  pieces,  in  all  respects  similar  to  the  leaves  of  the 
stem.  The  calycine  leaves,  indeed,  are  often  very  small, 
juiceless,  and  difierent  from  those  of  the  stem,  as  if  scales  of 
buds  previous  to  their  developement;  but  that  they  still  are 
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notliing  but  leaves  of  the  same  nature  as  those  of  the  stem^ 
must  be  concluded  from  this,  that  when  plants,  roses,  and 
Geum  rivale  for  example,  become,  in  consequence  of  exces- 
sive nutriment,  proliferous,  the  calycine  leaves,  which  before 
were  small  and  dry,  expand  into  leaves  In  size,  colour,  figure, 
texture,  and  substance,  exactly  like  those  of  the  stem.  Hence 
it  is  not  to  be  doubted,  that  the  calyx  and  the  leaves  of  the 
stem  were  in  the  beginning  alike." 

As  to  the petabi  "It  is  often  very  difficult  to  distinguish 
them  from  the  calyx.  The  white  corolla  of  Helleborus  niger, 
after  flowering,  assumes  the  green  appearance  of  the  calyx. 
In  luxuriant  flowers  of  Rosa  and  Geum,  the  corolla  some- 
times becomes  wholly  green,  and  assumes  the  foliaceous  na- 
ture of  the  calyx.  As  the  calyx  is  nothing  but  leaves,  and  as 
each  leaf  contains  in  its  axil  the  rudiment  of  a  plant  con- 
sisting of  the  rudiments  of  leaves  of  a  future  year,  it  follows 
that  the  petals  are  of  necessity  the  rudiment  immediately 
within  the  calycine  leaves ;  the  petals,  therefore,Vould  have 
been  leaves  another  year,  if  flowers  had  not  been  produced." 

As  to  the  stamens.  "  From  double  flowers  it  is  apparent 
that  stamens  do  change  into  petals  and  petals  into  calyx.  This 
is  so  well  known  that  it  need  not  be  insisted  on.  Now,  as  from 
the  axil  of  every  leaf  arises  the  rudiment  of  a  plant,  and  from 
the  axil  of  the  calyx  are  produced  the  petals,  which  are 
nothing  but  more  tender  leaves,  and  as  these  petals  must  have, 
like  other  leaves,  the  rudiments  of  leaves  in  tlieir  axils,  it  follows 
that  stamens  are  so,  for  they  can  be  transmuted  into  petals,  as 
the  petals  can  into  the  leaves  of  the  calyx." 

As  to  the  pistil.  The  evidence  of  this  being  ako  reducible 
to  leaves,  is  taken  from  a  change  observed  in  the  flowers  of 
Carduus  heteropliyllus  and  tataricus,  in  which  the  style  was 
changed  into  two  green  leaves  like  bracts,  and  from  the  com- 
mon conversion  of  the  pistil  into  leaves  in  proliferous  in- 
dividuals of  the  rose,  the  anemone,  and  others.  I  do  not, 
however,  find  any  clear  evidence  of  Linnseus  having  enter- 
tained a  distinct  idea  of  the  true  origin  and  structure  of  the 
pistil. 

The  defects  of  this  theory  consisted,  firstly,  in  its  not  ac- 
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counting  for  the  modifications  of  the  pistil ;  and,  secondly,  in 
the  fanciful  supposition  that  the  organs  of  fructification  are 
prepared  six  years  beforehand,  and  that  their  peculiar  appear- 
ance is  owing  to  the  time  of  this  developement  being 
anticipated  by  some  unknown  but  ever-acting  cause.  It  was 
this  wliich,  in  all  probability,  caused  the  whole  theory  to  be 
generally  neglected.  It  was  however  maintained  by  Ludwig 
and  Wolff;  the  latter  of  whom,  in  particular,  improved  so 
much  upon  the  speculation  of  Linnaeus,  by  rejecting  what  was 
fanciful,  and  supplying,  to  a  certain  extent,  an  explanation  of 
the  origin  of  the  pistil,  that  his  paper  in  the  Novi  Commentarii 
Academics  PetropolitaruB  for  1768  would  undoubtedly  have 
deserved  to  be  considered  the  commencement  of  the  last  aera 
in  botanical  philosophy,  if  it  had  been  known  to  botanists. 
But  it  was  introduced  into  a  paper  upon  the  formation  of  the 
intestines  of  animals,  and  does  not  appear  ever  to  have  at« 
tracted  any  attention,  until  it  was  discovered  by  Miquel 
about  two  years  ago. 

It  is,  therefore,  in  reality  to  the  celebrated  poet  Gothe  that 
the  honour  justly  belongs  of  having  brought  before  the  world, 
in  a  solid  and  philosophical  form,  the  doctrine  of  all  the  parts 
of  a  plant  being  in  reality  reducible  to  the  axis  and  its 
appendages,  and  consequently  of  having  proved,  to  use  his  own 
words,  that  vegetables  "  develope  themselves  out  of  themselves 
progressively.''  By  this  means  he  led  to  the  discover}'  of  the 
real  laws  of  structure  in  the  various  organs  that  are  com- 
pounded of  modified  leaves,  and  thence  to  a  determination  of 
the  analogies  that  exist  between  one  thing  and  another  in 
different  tribes  of  plants ;  thus  laying  the  foundation  of  Vege- 
table Comparative  Anatomy. 

Gothe's  Vermch  die  Metamorphose  der  Pflanzen  zu  erkldren 
appeared  in  1790 ;  it  was  long  before  it  attracted  attention  ; 
but  as  soon  as  it  was  brought  into  notice  by  the  speculations  of 
Brown,  De  Candolle,  Du  Petit  Thouars,  and  others,  it  pro- 
duced a  revolution  in  the  views  of  botanists  which  has  had  no 
parallel  since  the  microscopical  discoveries  of  Grew  and  the 
vegetable  anatomists  of  his  day. 

In  the  following  remarks  I  shall  endeavour  to  condense 
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what  has  been  said  by  writers  on  morphology  under  two 
heads :  in  the  first,  treating  of  regular  metamorphosis,  that  is 
to  say,  of  that  which  is  connected  with  the  structure  of  all 
vegetables ;  and  in  tlie  second,  of  irregular  metamorphosis,  or 
of  that  which  influences  particular  plants  or  parts  of  plants^ 
and  which  occurs  only  in  occasional  instances. 
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CHAPTER  I. 


REGULAR   METAMORPHOSIS. 


If  the  structure  of  a  perfect  plant  is  attentively  considered,  it 
will  be  found  to  consist  of  a  congeries  of  branches  succes- 
sively produced  out  of  each  other  from  one  common  stock, 
and  each  furnished  with  exactly  the  same  organs  or  append- 
ages as  its  predecessor.  This  continues  until  the  fructifi- 
cation is  produced,  when  an  alteration  takes  place  in  the 
extremity  of  tlie  fructifying  branch,  which  is  incapable,  gene- 
rally speaking,  of  further  prolongation ;  but,  as  the  branches, 
before  they  bore  fruit,  were  repetitions  the  one  of  the  other, 
so  are  the  branches  bearing  fruit  also  repetitions  of  each 
other.  If  a  thousand  sterile  or  a  thousand  fertile  branches 
from  the  same  tree  are  compared  together,  they  will  be  found 
to  be  formed  upon  the  same  uniform  plan,  and  to  accord  in 
every  essential  particular.  Each  brau^n  is  also,  under  favour- 
able circumstances,  capable  of  itself  becoming  a  separate  in- 
dividual, as  is  found  by  cuttings,  budding,  grafting,  and  other 
horticultural  processes.  Tliis  being  the  case,  it  follows  that 
what  is  proved  of  one  branch  is  true  of  all  other  branches. 

It  is  also  known  that  the  elementary  organs  used  by  nature 
in  the  construction  of  vegetables,  are  essentially  the  same ; 
that  the  plan  upon  which  these  organs  are  combined,  however 
various  their  modifications,  is  also  uniform  ;  that  the  fluids  all 
move,  the  secretions  all  take  place,  the  functions  are  all  regu- 
lated, upon  one  simple  plan ;  in  short,  that  all  the  variations 
we  see  in  the  vegetable  world  are  governed  by  a  few  simple 
laws,  which,  however  obscurely  they  may  be  understood  by  us, 
evidently  take  effect  with  the  most  perfect  uniformity. 

Hence  it  is  not  only  true,  that  what  can  be  demonstrated 
of  one  branch  is  true  of  all  other  branches  of  a  particular 
individual ;  but  also,  that  whatever  can  be  shown  to  be  the 
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principles  that  govern  the  structure  of  one  individual,  will 
also  be  true  of  all  other  individuals. 

It  is  particularly  requisite  that  this  should  be  clearly  under- 
stood, in  order  that  a  just  estimate  may  be  formed  of  the 
nature  of  the  proofs  to  be  now  adduced  in  regard  to  the 
doctrines  of  morphology.  Whatever  can  be  demonstrated  to 
be  true,  with  regard  to  one  single  individual,  is  true  of  all 
other  individuals :  whatever  is  proved  with  reference  to  one 
organ,  is  proved  by  implication,  as  to  the  same  organ,  in  all 
other  individuals  whatsoever. 

Moreover,  the  fact  of  one  organ  being  readily  transformed 
into  another  organ,  is  in  itself  a  strong  presumption  of  the 
identity  of  their  origin  and  nature ;  for  it  does  not  happen 
that  one  part  assumes  the  appearance  and  functions  of  another 
if  they  are  essentially  different.  Thus,  while  the  functions  of 
the  hand  may  be  performed  by  the  feet,  as  we  know  they  oc- 
casionally are  in  animals,  nothing  whatsoever  leads  the  heart 
to  perform  the  functions  or  assume  the  appearance  of  the 
liver,  or  the  liver  of  any  other  organ.  This  is  one  of  the 
arguments  of  Linnaeus. 

The  first  organ  which  requires  consideration  is  the  stipule. 
It  is  not  present  in  all  plants;  but,  when  it  does  exist,  is 
found  at  the  base  of  the  footstalk  of  the  leaves.  It  generally 
is  a  membranous  process,  with  a  bundle  of  vessels  passing  up 
its  centre ;  or  it  is  entirely  destitute  of  a  vascular  system.  In 
the  rose  the  former  is  the  case ;  but  nothing  is  more  common 
than  to  find  a  leaflet  accompanying  the  stipule ;  and  in  a 
specimen  of  Rosa  bracteata  which  I  once  had  in  my  posses- 
sion there  were  no  stipules,  but,  in  their  stead,  two  pinnated 
exstipulate  leaves.  Hence  stipules  are  to  be  considered  as 
rudimentary  leaves. 

The  bracts  are  the  organs  intermediate  between  the  leaves 
and  the  calyx.  Their  nature  is  extremely  various;  some- 
times they  have  a  greater  resemblance  to  the  leaves,  and 
sometimes  to  the  calyx.  In  some  roses,  as  R.  canina,  they 
are  obviously  dilated  petioles,  to  which  a  leaflet  now  and  then 
is  attached :  in  other  species,  as  R.  spinosissima,  they  differ 
in  no  respect  from  the  other  leaves.     In  the  tulip  a  bract  is 

occasionally  present  upon  the  scape,  a  little  below  the  flower ; 
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this  is  always  of  a  nature  partaking  both  of  the  leaf  and  the 
flower.  In  Abies  excelsa  the  purple  scale-like  bracts  often 
become  gradually  narrower,  and  acquire  a  green  colour  like 
leaves.  It  has  been  stated  by  some  botanists,  that  bracts  are 
distinguishable  from  leaves  by  not  producing  buds  in  their 
axils ;  but  the  inaccuracy  of  such  a  distinction  is  apparen  t 
from  a  variety  of  cases.  In  Polygonum  viviparum,  and  all 
viviparous  plants,  the  flowers  themselves  are  converted  into 
buds  within  the  bracts.  There  is  a  bud  in  the  axil  of  every 
bract  of  the  rose.  The  common  daisy  often  bears  buds  in  the 
axils  of  the  bracts  of  its  involucre;  in  which  state  it  is  com- 
monly known  in  gardens  by  the  name  of  hen  and  chickens. 
In  the  permanent  monster  called  Muscari  monstrosum,  a 
small  cluster  of  branches  covered  with  minute  imbricated 
coloured  bracts  is  produced  in  lieu  of  each  flower.  Here  all 
the  parts  of  the  fructification,  instead  of  remaining  at  rest  to 
perform  tlieir  functions,  are  attempting,  but  in  vain,  to  be- 
come organs  of  vegetation ;  or,  in  other  words,  to  assume  that 
state  from  which,  for  tlie  purposes  of  perpetuating  the  species, 
they  had  been  metamorphosed  by  nature.  Hence  it  is  clear 
that  bracts  cannot  be  essentially  distinguished  from  leaves. 

Such  being  the  case  with  the  bracts,  let  us  see  if  any 
positive  line  of  demarcation  exists  between  them  and  the 
calyx.  With  the  calyx  begins  the  flower  properly  so  named ; 
it  forms  what  some  morphologists  call  the  outer  whorl  of  the 
fructification,  and  with  it  commences  a  new  order  of  leaves, 
—namely,  those  of  the  fructification, — said  to  be  distinguished 
from  the  leaves  of  vegetation  by  their  constantly  verticillate 
arrangement,  and  by  the  want  of  buds  in  their  axils.  With 
the  leaves  of  the  fructification  all  power  of  further  increase 
ceases ;  the  energies  of  the  plant  being  diverted,  when  they 
commence,  from  increasing  the  individual  to  multiplying  the 
species.  The  general  resemblance  of  the  calyx  to  the  ordi- 
nary leaves  of  vegetation  is  well  known :  its  green  colour, 
and  tendency  to  develope  itself  into  as  many  leaves  as  it  con- 
sists of  divisions,  especially  in  double  roses,  is  so  notorious 
that  it  need  not  be  insisted  on.  In  the  case  of  Mesembryan- 
themum  barbatum,  noticed  by  Linnaeus,  there  is  no  difference 
whatsoever  between  the  leaves  of  the  calyx  and  those  of 
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the  Stem.  In  a  specimen  of  a  cowslip  now  before  me,  the 
calyx  is  formed  of  Ave  perfect  leaves,  in  no  respect  different 
from  the  others,  except  in  being  a  litde  smaller.  The 
resemblance,  however,  between  the  calyx  and  the  stem 
leaves  is  oflen  not  apparent ;  but  die  identity  of  the  calyx 
and  bracts  is  usually  more  obvious.  In  Calycanthus,  the 
transition  from  the  one  to  the  other  is  so  gradual,  that  no  one 
can  say  where  the  distinction  lies ;  and  in  numberless  Ericas 
the  resemblance  of  the  bracts  and  calyx  is  perfect.  The 
divisions  of  the  calyx  are  also  occasionally  gemmiferous.  A 
case  is  mentioned  by  Roper,  in  which  one  of  the  sepals  of 
Caltha  palustris  was  separated  from  the  rest,  and  furnished  with 
a  bud.  And  Du  Petit  Thouars  speaks  of  a  specimen  of  Bra»- 
sica  napiis,  in  which  branches  were  produced  within  the  calyx. 
I  have  myself  a  monster  of  Herreria 
parviflora  (jSy.  a),  of  the  same  na- 
ture. From  this  it  is  apparent 
)  that  the  divisions  of  the  calyx  are 
not  only  not  distinguishable  from 
)  bracts,  but  that  there  is  o^n  a 
strong  tendency  in  the  f<Hiner  to 
assume  the  ordinary  appearance  of 
leaves.  There  is,  however,  another 
point  to  which  it  is  necessary  to  advert,  in  order  to  complete 
the  proof  of  the  identity  of  calyx  and  leaves ;  this  is  the  ver- 
ticillate  arrangement  of  the  former. 

Leaves  are  eidier  opposite,  alternate,  or  whorled;  and  it 
has  been  shown,  in  speaking  of  them,  that  these  differences 
depend  wholly  upon  their  greater  or  less  degree  of  approxi- 
mation. If  tlie  leaves  of  a  plant  are  rightly  considered,  they 
will  be  found  to  be  inserted  spirally  round  a  common  axis ; 
that  is  to  say,  a  line  drawn  from  the  base  of  the  lower  leaf  to 
that  of  the  one  above  it,  thence  continued  to  the  next,  and  so 
on,  would  have  a  spiral  direction.  When  leaves  become 
approximated  by  pairs,  the  spire  is  interrupted,  and  the  leaves 
are  opposite :  let  the  interruption  be  a  little  greater,  and  the 
leaves  become  ternate ;  and  if  the  interruption  be  very  con- 
siderable, what  is  called  a  whorl  is  produced,  in  which  several 
leaves  are  placed  opposite  to  each  odier  round  a  common 
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axis,  as  in  Galium.  Now  a  whorl  of  this  nature  is  exactly  of 
the  nature  of  a  calyx,  only  it  surrounds  the  axis  of  the  plant, 
instead  of  terminating  it  As  we  know  that  such  approxi- 
mations often  taken  place  in  the  stem  in  the  direct  line  of 
growth,  when  the  propulsion  of  the  matter  of  vegetation 
exists  in  its  greatest  activity,  there  is  no  difficulty  in  compre- 
hending the  possibility  of  such  an  approximation  constantly 
existing  at  the  end  of  the  system  of  growth,  where  the  propul- 
sion of  the  matter  of  vegetation  ceases.  But  the  calyx  and 
more  inner  whorls  of  the  fructification  do  not  always  retain 
their  verticillate  position ;  on  the  contrary,  they  occasionally 
separate  from  each  other,  and  assume  the  same  position  with 
regard  to  the  axis  of  vegetation  as  is  naturally  proper  to  the 
leaves.  This  is  particularly  striking  in  a,  very  common  per- 
manent monster  of  Lilium  album,  known  in  the  gardens  by 
the  name  of  the  double  white  lily.  In  this  plant  the  whole 
verticillation  of  the  parts  of  fructification  is  destroyed;  the 
axis  is  not  stopped  by  a  pistil,  but  is  elongated  into  a  stem, 
around  which  the  white  leaves  of  the  calyx  are  alternately 
imbricated ;  and  in  double  tulips  the  outer  whorl,  represent- 
ing the  calyx,  frequently  loses  its  verticillate  arrangement, 
and  becomes  imbricated  like  leaves  of  a  stem.  The  same 
structure  also  occurs  in  the  double  white  Fritillaria  meleagris. 
Hence  it  cannot  be  doubted  that  the  calyx  consists  of  leaves 
in  a  particular  state. 

The  corolla  forms  the  second  line  or  whorl  of  the  fructi- 
fication. It  consists  of  several  divisions,  usually  not  green, 
and  always  alternate  with  those  of  the  calyx.  It  is  a  series 
of  leaves  arising  within  those  of  the  calyx,  from  which  it  is 
sometimes,  indeed,  very  easy  to  distinguish  it;  but  from  which 
it  is  so  often  impossible  to  discriminate  it,  that  the  difference 
between  the  calyx  and  corolla  has  been  one  of  the  most  de- 
batable subjects  in  botany.  No  limits  can  be  found  in  Caly- 
canthus;  the  same  is  true  of  lUicium,  and  several  similar 
plants.  In  all  Liliaceae,  Asphodeleae,  Orchidese,  and  Scita^- 
mines,  the  only  distinction  that  can  be  drawn  between  the 
calyx  and  corolla  is,  that  the  one  is  inserted  within  the  other ; 
they  are  alike  in  figure,  colour,  texture,  odour,  and  function. 
Whatever,  therefore^  has  been  proved  to  be  true  of  the  calyx 
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is  also  true  of  the  corolla.  There  are  also  cases  in  which  the 
petals  have  actually  reverted  to  the  state  of  leaves.  In  a 
Campanula  Rapunculus,  seen  by  Roper,  the  corolla  had 
become  five  green  leaves  like  those  of  the  calyx ;  the  same 
was  found  in  an  individual  of  Verbascum  pyramidatum,  de- 
scribed by  Du  Petit  Thouars ;  proliferous  flowers  of  Geum 
and  Rosa,  in  which  the  petals  were  converted  into  leaves,  are 
adduced  by  Linnaeus. 

The  third  whorl,  or  series  of  the  fructification,  is  occupied 
by  the  stamens.  These  often  consist  of  a  single  row,  equal  in 
number  to  the  divisions  of  the  corolla,  with  which  they  are, 
in  that  case,  alternate.  The  exceptions  to  this  in  flowers  with 
a  definite  number  of  stamens  are  not  numerous ;  and  such  as 
do  occur  are  to  be  considered  as  wanting  the  outer  row  of 
stamens,  and  developing  the  second  row  instead.  Thus  in 
PrimulacesB,  in  which  the  stamens  are  opposite  to  the  petals, 
and  therefore  belonging  to  a  second  whorl,  tlie  first  msdces  its 
appearance  in  Schwenkia,  which  undoubtedly  forms  part  of 
the  order,  in  the  form  of  clavate  or  subulate  processes  arising 
from  the  sinuses  of  the  limb.  These  and  similar  processes, 
which  are  far  from  uncommon  in  plants,  and  which  are  known 
by  a  number  of  different  names,  such  as  scales  of  the  orifice 
of  the  corolla,  glands,  nectary,  cup,  &c.  are  in  most  cases  me- 
tamorphosed stamens.  In  Narcissus  the  cup  is  formed  of 
three  stamens  of  the  first  row,  become  petaloid  and  united  at 
their  margins;  while  the  six,  which  form  the  second  and 
third  rows,  are  in  their  usual  state,  and  within  the  tube. 
This  is  shown,  firstly,  by  the  frequent  divisions  of  this  cup 
into  three  lobes,  which  then  alternate  with  the  inner  row  of 
perianthium,  or  the  petals ;  secondly,  by  a  distinct  tendency 
in  double  Narcissi,  particularly  N.  poeticus,  to  produce  abor- 
tive anthers  on  the  margin  of  the  lobes  of  the  cup ;  and, 
thirdly,  by  the  genus  Brodisea  and  its  allies.  In  that  genus 
the  crown  of  the  original  species  consists  of  three  petaloid 
pieces,  not  united  into  a  cup  as  in  Narcissus,  but  wholly 
separate  from  each  other:  in  Leucocoryne  ixioides  these 
pieces  are  not  petaloid,  but  clavate;  and  in  Leucocoryne 
odorata  the  pieces  have  the  same  figure  as  in  L.  ixioides,  but 
almost  constantly  bear  more  or  less  perfect  anthers.     That 
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the  anthers  are  mere  alterations  of  the  margins  of  petals,  there 
18  no  difficulty  in  demonstrating.  In  Nymphaea  the  passage 
from  one  to  the  other  may  be  distinctly  traced.  In  double 
roses  the  precise  nature  of  this  metamorphosis  is  shown  in  a 
very  instructive  way :  if  any  double  rose  is  examined,  it  will 
be  seen  tliat  those  petals  which  are  next  the  stamens  contract 
their  claw  into  the  form  of  a  filament ;  a  distortion  of  the 
upper  part,  or  limb,  also  takes  place ;  the  two  sides  become 
membranous,  and  put  on  the  colour  and  texture  of  the  anther ; 
and  sometimes  the  perfect  lobe  of  an  anther  will  be  found  on 
one  side  of  a  petal,  and  the  half-formed  mis-shapen  rudiment 
of  another  on  the  opposite  side.  In  Aquil^ia  vulgaris  this 
transformation  is  still  more  curious,  but  equally  distinct:  the 
petals  of  that  plant  consist  of  a  long  sessile  purple  horn  or 
bag,  with  a  spreading  margin ;  while  the  stamens  consist  of  a 
slender  filament,  bearing  a  small,  oblong,  two-celled,  yellow 
anther ;  in  single  and  regularly  formed  flowers,  nothing  can 
be  more  unlike  than  the  petals  and  stamens ;  but  in  double 
flowers  the  transition  is  complete:  the  petals,  which  first 
begin  to  cliange,  provide  themselves  with  slender  ungues ;  the 
next  contract  their  margin,  and  acquire  a  still  longer  unguis ; 
in  the  next  the  purple  margin  disappears  entirely;  two  yellow 
lobes  like  the  cells  of  the  anther  takes  its  place,  and  the  horn, 
diminished  in  size,  no  longer  proceeds  from  the  base  as  in  the 
genuine  petal,  but  from  the  apex  of  the  now  filiform  unguis : 
in  the  last  transition  the  lobes  of  tlie  anther  are  more  fully 
formed,  and  the  horn  is  almost  contracted  within  the  dimen- 
sions of  the  connective,  retaining,  however,  its  purple  colour  : 
the  next  stage  is  the  perfect  stamen.  No  further  evidence  can, 
I  think,  be  required  of  the  formation  of  stamens  out  of  petals; 
if  more  be  wished  for,  the  first  double  flower  that  may  present 
itself  to  the  observer  may  be  appealed  to.  The  conversion  of 
stamens  into  green  leaves  is  far  more  uncommon ;  this,  indeed, 
very  rarely  occurs.  It  was  seen  by  Roper  in  the  Campanula 
Rapunculus  already  referred  to;  and  Du  Petit  Thouars  found 
tlie  stamens  of  Brassica  napus  converted  into  branches,  bear- 
ing verticillate  leaves.  Thus  it  appears  that  the  stamens, 
like  the  petals,  calyx,  and  bracteae,  are  merely  modified 
leaves. 
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We  now  come  to  the  consideration  of  a  fourth  series  of  the 
fructification,  the  disk ;  this  is  so  frequently  absent,  and  is 
of  so  obscure  a  nature,  that  few  morphorlogists  take  it  into 
tlieir  consideration.  It  is,  however,  necessary  to  understand 
it,  if  possible,  especially  as,  when  present,  it  occasionally  pre- 
sents itself  under  very  singular  and  various  forms*  In  many 
plants  it  consists  of  a  mere  annular  fleshy  ring,  encompassing 
the  base  of  the  ovary ;  in  others  it  forms  a  sort  of  cup,  in 
which  the  ovaries  are  inclosed,  as  in  certain  Paeonies ;  and  it 
very  frequently  makes  its  appearance  as  hypogynous  glands  or 
scales :  it  is  almost  always  between  the  stamens  and  pistil. 
That  it  is  not  an  organ  of  a  distinct  nature  may,  I  think, 
be  safely  inferred  from  its  having  no  existence  in  a  large  num- 
ber of  flowers :  but  if  it  is  not  an  organ  of  itself,  it  must  be 
a  modification  of  something  else ;  and  in  that  view,  from  its 
situation,  it  would  be  referable  either  to  the  stamens  or  pistil. 
It  has  so  little  connection  with  the  latter,  from  which  it  always 
separates  at  maturity,  that  it  can  scarcely  be  referred  to  it. 
With  the  stamens  it  has,  perhaps,  a  stronger  relation :  it  con- 
sists of  the  same  cellular  substance  as  the  connective  of  the  an- 
thers ;  is  very  often  of  the  same  colour ;  whenever  it  separates 
into  what  are  called  hypogynous  glands  or  scales,  these  always 
alternate  with  the  innermost  series  of  stamens.  In  the  Paeony 
the  disk  may,  in  some  measure,  be  compared  to  the  inner  row 
of  scales  which  exists  between  the  stamens  and  pistil  of  the 
nearly  related  genus  Aquilegia.  Dunal  has  noticed  half  the 
disk  of  a  Cistus  bearing  stamens ;  and  a  variety  of  instances 
may  be  adduced  of  an  insensible  gradation  from  the  stamens 
to  the  most  rudimentary  state  of  this  organ. 

The  fifth  and  last  series  of  fructification  is  the  pistil.  Let 
us  first  consider  this  organ  in  its  simple  state,  and  then  advert 
to  it  in  a  state  of  composition*  The  simple  pistil,  that  of  the 
pea  for  instance,  consists  of  an  ovary,  bearing  its  ovules  on 
one  side  in  two  parallel  contiguous  rows,  and  at  its  upper  ex- 
tremity tai)ering  into  a  style  which  terminates  in  a  stigma. 
If  this  organ  be  further  examined,  it  will  be  found  that  there 
is  a  suture  running  down  each  edge  from  the  style  to  the 
base ;  it  will  be  also  seen  that  the  ovules  are  attached  to  one 
of  these  sutures,  and  that  the  style  is  an  elongation  of  the 
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Other;  further,  it  will  be  perceived  that  the  two  sides  of 
the  ovary  are  traversed  by  veins  emanating  from  the  suture 
that  terminates  in  the  style,  and  that  these  veins  take  a 
slightly  ascending  direction  towards  the  suture  that  bears 
the  ovules.  Now,  if  when  the  pod  of  the  pea  is  half  grown, 
it  be  laid  open  through  the  suture  that  bears  the  ovules, 
all  these  circumstances  will,  at  that  time,  be  distinctly  visible ; 
and  if  it  then  be  compared  with  one  of  the  leaflets  of  the 
plant,  it  will  be  apparent  that  the  suture  bearing  ovules  an- 
swers to  the  two  edges  of  the  leaf,  the  suture  without  ovules 
to  the  midrib,  and  the  style  to  the  mucro.  Hence  it  might, 
almost  without  further  evidence,  be  suspected  that  the  ovary 
was  an  alteration  of  the  leaf;  but  if  the  inquiry  be  carried 
further  in  other  plants,  this  suspicion  becomes  converted  into 
certainty.  In  the  first  place,  the  suture  without  ovules,  which 
has  been  said  to  be  the  midrib,  is  always  external  with  respect 
to  the  axis  of  fructification,  as  would  be  the  case  with  the 
midrib  of  a  leaf  folded  up  and  terminating  the  fructification. 
In  the  next  place,  nothing  is  more  common  than  to  find  the 
pistil  converted  either  into  petals  or  into  leaves :  its  change 
into  petals  is  to  be  found  in  numerous  double  flowers ;  as,  for 
example,  double  Narcissi,  Hibiscus  Rosa  sinensis,  wall-flowers, 
ranunculuses,  saxifrages,  and  others.  These,  however,  only 
show  its  tendency  to  revert  to  petals  as  the  representatives  of 
leaves.  The  cases  of  its  reverting  to  other  organs  are  much 
more  instructive.  In  tlie  double  Ulex  Europaeus  the  ovary 
is  extremely  like  one  of  the  s^ments  of  the  calyx ;  its  ovu- 
liferous  suture  is  not  closed ;  in  the  room  of  ovules  it  some- 
times bears  little  yellow  processes,  like  miniature  petals,  and 
its  back  corresponds  to  what  would  be  the  back  of  the  calyx ; 
no  style  or  stigma  is  visible ;  sometimes  two  of  these  metamor- 
phosed ovaries  are  present :  in  that  case  the  sutures  which 
should  bear  ovules  are  opposite  to  each  other,  just  as  the 
inflexed  margins  of  two  opposite  leaves  would  be.  In  Kerria 
Japonica,  which  is  only  known  in  our  gardens  in  a  double  state, 
the  ovaries  are  uniformly  little  miniature  leaves,  with  serrated 
margins  corresponding  to  the  ovuliferous  suture  of  the  ovary, 
and  an  elongated  point  representing  thci  s^le;  their  interior 
is  occupied  by  other  smaller  leaves.   Nothing  b  more  common 
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among  roses  than  to  find  the  ovaries  converted  into  perfect 
leaves ;  in  such  cases  the  margins  uniformly  occupy  the  place  of 
the  ovuliferous  suture,  and  the  midrib  that  of  the  sterile  suture. 
But  the  most  instructive  and  satisfactory  proof  of  the  pistil 
being  merely  a  modified  leaf,  is  to  be  found  in  the  common 
double  cherry  of  the  gardens.  In  this  plant  the  place  of  the 
ovary  is  usually  occupied  by  a  leaf  extremely  similar  to  those 
of  the  branches,  but  much  smaller ;  it  is  folded  together ;  its 
margins  are  serrated,  and,  in  consequence  of  the  folding, 
placed  so  as  to  touch  each  other ;  and  they  occupy  the  place 
of  the  ovuliferous  suture  of  a  real  pistil.  The  midrib  of  this  leaf 
corresponds  to  the  station  of  the  sterile  suture  of  the  ovary, 
and  is  not  only  lengthened  into  a  process  representing  a  style, 
but  is  actually  terminated  by  a  stigma.  I  think,  therefore, 
that  all  doubt  as  to  the  foliaceous  nature  of  the  pistil  must 
cease.  There  is  thus  a  greater  identity  of  function  between 
the  pistil  and  the  other  series  of  the  fructification  than  would 
at  first  appear  probable.  We  seldom,  indeed,  find  it  con- 
verted into  stamens ;  but  it  often  takes  upon  itself  the  form 
of  petals,  as  has  been  shown  above ;  and  although  cases  are 
very  rare  of  pistils  bearing  pollen,  yet  several  instances  are 
known  of  ovules  being  borne  by  the  stamens.  This  occurs 
continually  in  Sempervivum  tectorum ;  I  have  shown  it  to 
happen  in  an  Amaryllis,  known  in  gardens  as  the  double  Bar- 
badoes  lily  (see  the  Horticultural  Transactiansj  vol.  vi.) ;  and 
it  is  constantly  the  case  in  a  particular  variety  of  the  com- 
mon wall-flower,  cultivated  in  the  Apothecaries'  Garden  at 
Chelsea. 

We  see  then  that  there  is  not  only  a  continuous  uninterrupted 
passage  from  the  leaves  to  the  bracts,  from  bracts  to  calyx, 
from  calyx  to  corolla,  from  corolla  to  stamens,  and  from  sta- 
mens to  pistil,  from  which  circumstance  alone  tlie  origin  of  all 
these  organs  might  have  been  referred  to  the  leaves ;  but  that 
there  is  also  a  continual  tendency  on  the  part  of  every  one  of 
them  to  revert  to  the  form  of  leaf.  Some  botanists  say,  that 
all  this  depends  upon  an  alternation  of  expansion  and  contrac- 
tion, which  may  be  compared  to  the  mechanical  oscillation  of 
the  pendulum,  and  to  the  physical  alternation  observed  in 
animated  beings  and  the  periods  of  life.     The  leaves,  they 
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say,  are  an  expansion  of  vegetation,  and  the  flower  a  con- 
traction of  it ;  and  in  the  flower  itself,  while  the  calyx  is  con- 
tracted, the  corolla  is  dilated;  the  stamens  again  are  con- 
tracted, and  the  pistil  expanded;  and  witli  the  ultimate 
contraction  of  the  ovules  ceases  the  vegetable  system. 

All  that  has  hitherto  been  said  of  the  pistil  relates  to  it 
only  in  its  simple  state.  In  a  state  of  composition  it  differs 
so  much  in  appearance  from  its  simple  form,  that  all  the  old 
race  of  botanists  was  entirely  ignorant  of  the  true  theory  of 
its  construction.  No  trace  is  to  be  found  in  the  writings  of 
Linnaeus  of  any  thing  which  can  be  construed  into  an  acquaint- 
ance with  this  subject :  nor,  excepting  in  Wolff's  paper,  can  I 
find  an  indication  of  it  in  any  writer  before  the  appearance 
of  Gothe.  At  section  78.  of  die  Metamorphose  der  Pflanzen 
are  the  following  remarkable  words  :  — "  Keeping  in  view  the 
observations  that  have  now  been  made,  there  will  be  no  dif- 
ficulty in  discovering  tlie  leaf  in  the  seed-vessel,  notwith- 
standing the  variable  structure  of  that  part,  and  its  peculiar 
combinations.  Thus,  the  pod  is  a  leaf  which  is  folded  up, 
and  grown  together  at  its  edges,  and  the  capsule  consists  of 
several  leaves  grown  together;  and  the  compound  fruit  is 
composed  of  several  leaves  united  round  a  common  centre, 
tlieir  sides  being  opened  so  as  to  form  a  communication 
between  them,  and  their  edges  adhering  together.  This  is 
obvious  from  capsules,  which,  when  ripe,  split  asunder;  at 
which  time  each  portion  is  a  separate  pod.  It  is  also  shown  by 
different  species  of  one  genus,  in  which  modifications  exist  of 
tlie  principle  on  which  tlieir  fruit  is  foimed :  for  instance,  the 
capsules  of  Nigella  orientalis  consist  of  pods  assembled  round 
a  centre,  and  partially  united;  in  Nigella  damascena  their 
union  b  complete.'^ 

Having  already  spoken  at  length  upon  this  subject,  when 
considering  the  structure  of  the  fruit,  it  is  not  necessary  to 
repeat  the  arguments  here.  There  is  no  doubt  of  the  truth 
of  the  theory,  which  is  now  universally  adopted  by  all  philo- 
sophical botanists. 

As  it  may  thus  be  proved  that  all  the  parts  of  a  flower  are 
merely  modified  leaves,  there  can  be  no  difficulty  in  admitting 
the  following  propositions  as  the  basis  of  morphology :  — 
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"  Every  flower,  with  its  peduncle  and  bracteolse,  being  the 
developement  of  a  flower-bud,  and  flower-buds  being  alto- 
gether analogous  to  leaf-buds,  it  follows,  as  a  corollary,  that 
every  flower,  with  its  peduncle  and  bracteolae,  is  a  metamor- 
phosed branch. 

"  And  further,  the  flowers  being  abortive  branches,  what- 
ever the  laws  are  of  the  arrangement  of  branches  with  respect 
to  each  other,  the  same  will  be  the  laws  of  the  arrangement 
of  flowers  with  respect  to  each  other. 

^^  In  consequence  of  a  flower  and  its  peduncle  being  a 
branch  in  a  particular  state,  the  rudimentary  or  metamor- 
phosed leaves  which  constitute  bracteae,  floral  envelopes,  and 
sexes,  are  subject  to  exactly  the  same  laws  of  arrangement  as 
regularly  formed  leaves.'*  {Outline  of  the  First  Principles  of 
Botany,  edit.  2.) 

Therefore  all  theories  of  structure  inconsistent  with  these 
propositions  must  of  necessity  be  vicious.  For  this  reason 
there  is  no  difficulty  in  rejecting  the  h3rpothesis  o(  dSdoublement 
(unlining)  of  Dunal,  which  assumes  tliat  in  a  flower  every  organ 
consists  of  two  parts,  one  standing  in  front  of  the  other,  and 
forming  what  he  calls  a  chorisie ;  than  which  no  doctrine 
more  utterly  unsupported  by  facts,  or  more  entirely  irreconcil- 
able with  whatever  is  known  of  structure,  can  easily  be  ima- 
gined. To  admit  it  would  be  to  overturn  all  the  admitted 
rules  of  philosophy,  by  exalting  a  few  seeming  exceptions  to 
great  general  laws  above  those  laws  themselves.  Neither  do 
the  speculations  of  Agardh  upon  this  subject  appear  to  be  at 
all  better  founded. 
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CHAPTER  II. 


IRREGULAR    METAMORPHOSIS. 


It  is  probable,  that  all  plants  have  a  particular  range,  in  some 
cases  more  extended  than  in  others,  to  which  they  are  best 
suited  on  account  of  their  constitutional  peculiarities,  which 
become  visible  in  consequence  of  the  effect  produced  by  a 
change  of  situation,  although  not  appreciable  otherwise.  The 
two  great  agents  by  which  they  are  affected,  that  is  to  say, 
soil  and  atmosphere,  will,  in  their  natural  situations,  be  nearly 
uniform.  And  so  long  as  this  uniformity  of  the  conditions 
under  which  they  exist  continues,  their  structure  will  remain 
unchanged;  but  let  an  alteration  take  place,  their  atmosphere, 
for  instance,  change  from  that  of  the  valley  to  that  of  the 
mountain,  the  soil  from  alluvial  deposit  to  chalk  or  slate,  and 
the  mean  temperature  under  which  they  are  formed  faU 
several  degrees  :  or  remove  a  plant  from  its  native  spot,  and 
cultivate  it  in  the  rich  soil  of  a  garden  for  several  generations; 
thus  submitting  it  to  what  may  be  called  the  effect  of  domei^ 
tication.  Under  such  circumstances,  an  alteration  will  be 
produced  in  the  structure  of  the  plant,  which  will  become 
manifest  by  external  characters.  This  is  what  is  called  ir- 
regular metamorphosis ;  and  may  be  considered  the  cause  of 
the  encDess  varieties  of  form  into  which  garden  plants  are 
continually  sporting.  In  a  wild  state  these  varieties  are  com- 
paratively rare;  while,  on  the  contrary,  new  forms,  miscalled 
species,  are  always  starting  up  in  every  botanic  garden.  In 
the  garden  of  Berlin,  Link  states  that  Ziziphora  dasyantha, 
after  many  years,  changed  to  another  form,  which  might  be 
called  Tm  intermedia. 

But  although  there  is  no  reasonable  doubt  that  irrq^ar 
metamorphosis  does  take  place  in  consequence  of  some  change 
in  the  conditions  under  which  plants  are  formed,  the  cosmica 
momenta  of  some  writers,  yet  it  is  certain  that  we  are  entirely 


CHAP.  II.  IRREGULAR   METAMORPHOSIS.  543 

ignorant  of  the  specific  causes  by  which  metamorphoses  are 
e£Pected.  We  know  that  the  cellular  tissue,  and  the  secreted 
matter  or  proper  juices,  are  what  chiefly  manifest  their  sensi«- 
bility  of  change ;  but  beyond  this  we  know  absolutely  nothing 
whatsoever.  In  this  want  of  information  the  simplest  manner 
of  treating  this  subject  is  to  take  the  parts  of  vegetation  in 
succession,  and  to  state  what  is  known  of  the  irregular  metar- 
morphosis  of  each. 

The  roots  and  tubers  undergo  a  vast  variety  of  changes: 
some  of  which  are  the  effects  of  domestication,  and  others 
produced  in  wild  individuals.     Some  grasses,  when  growing 
in  situations  more  dry  than  those  to  which  they  have  been 
accustomed,   acquire   bulbs;   as   if  laying  by   reservoirs   of 
nourishment  to  meet  the  casual  want  of  a  sufficient  supply 
of  food.     Other  roots  sport,  when  domesticated,  into  various 
forms  and  colours;   as  is  familiarly  exemplified  in  all  those 
which  supply  our  tables.     In  the  turnip  the  form  varies  from 
spherical  to  depressed,  oblong,  and  fusiform ;  the  epidermis 
from  white  to  yellow,  purple  and  green :  the  same  may  be 
said  of  the  radish.     The  celery,  the  root  of  which  is  fibrous 
when  wild,  produces  under  domestication  a  fleshy  roimd  root 
like  that  of  a  turnip,  known   in   gardens   by  the  name  of 
celeriac.     The  common  potato,  the  colour  of  which  is  usually 
yellow,  produces  a  variety  deeply  stained,  not  on  the  epidermis 
only,  but  through   its  whole  substance,  with  purple.     The 
parsnip  varies  from  fusiform  to  spherical ;  and  there  are  hun- 
dreds of  similar  cases  of  which  every  body  must  be  aware. 

Metamorphosis  of  the  stem  is  much  less  frequent  than 
those  of  the  root.  The  stems  of  the  common  cabbage  are 
naturally  hard  and  stringy ;  but  in  a  variety,  called  by  the 
French  Chou  moellier,  the  stem  is  succulent  and  fusiform ;  and 
in  the  Kohl  Rabi  it  forms  a  succulent  tumour  above  the 
ground,  in  form  and  size  resembling  a  turnip.  In  alpine 
situations  the  stem  becomes  shortened  in  proportion  to  the 
elevation  at  which  it  is  produced,  but  it  lengthens  in  low  humid 
situations.  Domestication  has  also  rendered  tall  steins  mere 
dwarf,  and  dwarf  stems  taller;  the  common  Dahlia,  the  mean 
height  of  which  may  be  estimated  at  six  feet,  has  been  reduced 
by  cultivation  to  a  stature  not  exceeding  three.     Cabbages 
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and  many  culinary  plants  haYe  undergone  a  similar  change ; 
wliile  the  common  hemp  has  sported  into  a  gigantic  Yariety 
twice  the  usual  size.  The  stem  occasionally  becomes  fasciated ; 
that  is  to  say,  assumes  the  appearance  of  a  number  of  separate 
stems,  glued  together  side  by  side,  as  in  the  common  cocks- 
comb Celosia.  This  was  formerly  belicYed  to  arise  from  the 
union  of  scYeral  stems ;  a  manifest  error,  as  an  inspection  of  a 
dissected  stem  will  proYe :  it  is  an  extremely  irregular  form- 
ation, something  analogous  to  that  which  constantly  obtains  in 
Bauhinia. 

The  leaves  undergo  a  thousand  metamorphoses,  of  which  I 
shall  only  select  a  few  remarkable  cases.  They  become  suc- 
culent and  roll  inwards,  forming  what  gardeners  call  a  heart ; 
as  in  the  cabbage  and  the  lettuce.  Their  parenchyma  extends 
more  rapidly  than  the  veins  and  margins;  this  produces 
puckering,  as  in  curled  leaves.  If  the  parenchyma  and  margin 
are  together  produced  in  excess,  we  then  have  what  gar- 
deners call  a  curl,  as  in  the  plants  known  by  the  respective 
names  of  curled  cress,  curled  savory,  curled  endive,  &c.  If 
this  tendency  to  parenchymatous  developement  proceed  much 
further,  the  surface  is  not  merely  puckered,  but  processes  arise 
from  it  in  every  direction,  and  occasionally  assume  grotesque 
figures,  or  even  the  resemblance  of  other  leaves ;  the  Scotch 
kail  of  gardeners  is  an  instance  of  this.  The  parenchyma  is 
formed  more  slowly  than  the  veins  and  margins;  this  pro- 
duces what  are  called  cut  or  pinnatifid  leaves,  as  in  many 
garden  plants,  such  as  the  cut-leaved  Fagus  sylvatica,  Alnus 
glutinosa,  and  otliers.  Occasionally  in  compound  leaves  an 
unusual  number  of  leaflets  is  produced,  as  seven  in  some  tre» 
foils  in  room  of  three ;  a  doubly  pinnate  leaf  in  some  roses  in 
lieu  of  a  simply  pumate  one.  In  other  plants  the  reverse 
occurs :  there  is  a  Dahlia,  which  constantly  produces  simple 
Jeaves  in  room  of  compound  ones. 

In  flowers  irregular  metamorphoses  are  extremely  common ; 
they  consist  of  a  multiplication  of  the  petals,  of  a  transform- 
ation of  petals  into  stamens,  and  of  a  change  in  colour  or  in 
smell.  In  roses  the  multiplication  of  petals  is  the  nearly 
universal  cause  of  the  double  state  of  their  flowers :  in  the 
Rose  CEillety  and  many  Anemones,  impletion  depends  upon  a 
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conversion  of  petals  into  stamens.  I  have,  in  a  paper  read 
before  the  Horticultural  Society,  and  published  in  the  sixth 
volume  of  their  Transactions,  endeavoured  to  show  that  these 
changes  always  take  place  in  the  order  of  developement,  or 
from  circumference  to  centre ;  that  is  to  say,  tliat  the  calyx  is 
transformed  into  petals,  the  petals  into  stamens,  and  the 
stamens  into  ovarium ;  but  that  the  reverse  does  not  occur. 
It  is  there  observed,  that  alterations  of  another  kind  may 
happen,  such  as  changes  in  the  appearance  of  the  stamens 
occasioned  by  abortion ;  but  such  metamorphoses  are  to  be 
considered  imperfect  attempts  on  the  part  of  particular  organs 
to  revert  to  their  primitive  forms.  It  is  further  remarked, 
that  if  metamorphosis  took  place  from  centre  to  circumference, 
or  in  a  direction  the  inverse  of  developement,  it  would  not  be 
easy  to  show  the  cause  of  the  greater  beauty  of  double  than 
of  single  flowers ;  because  the  inevitable  consequence  of  a 
reversed  order  of  transformation  would  be,  that  the  rich  or 
delicate  colour  of  the  petals,  upon  which  all  flowers  depend 
for  their  beauty,  would  be  converted  into  the  uniform  green 
of  the  calyx.  Such  a  change,  therefore,  instead  of  producing 
a  flower  more  beautiful  tlian  its  original,  would  tend  to  destroy 
its  beauty.  But  if  the  true  order  of  alteration  be  from  the 
circumference  to  the  centre,  and  if  the  different  organs  of 
fructification  are  only  susceptible  of  being  converted  into 
those  which  are  next  them,  and  the  axis  of  inflorescence,  and 
if  no  retrograde  action  takes  place,  the  reason  of  the  superior 
beauty  of  double  flowers  will  be  manifest  In  the  latter  case 
the  calyx  may,  indeed,  throw  off*  its  dull  green  colour  and 
assume  the  vivid  hues  of  the  petals,  as  in  the  Paeony  and 
primrose,  and  the  petals  may  dilate  themselves,  and  in  at- 
tempting to  perform  the  functions  of  stamens  may  multiply 
and  transform  themselves  into  a  hundred  grotesque  and 
curious  appearances ;  but  no  diminution  of  beauty  or  loss  of 
brilliant  colours  will  take  place.  Such  were  the  opinions  I 
ventured  to  entertain  in  1825 :  they  concern  a  subject  pecu- 
liarly exposed  to  doubt  and  difference  of  opinion ;  but  I  think 
that  the  weight  of  evidence  is  in  favour  of  those  opinions 
rather  than  the  contrary. 

N    N 
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With  regard  to  colour,  its  infinite  changes  and  metamor- 
phoses in  almost  every  cultivated  flower  can  be  compared  to 
nothing  but  the  alterations  caused  in  the  plumage  of  birds 
or  the  hairs  of  animals  by  domestication.  No  cause  has  ever 
been  assigned  to  these  phenomena,  neither  has  any  attempt 
been  made  to  determine  the  cause  in  plants.  We  are,  how- 
ever, in  possession  of  the  knowledge  of  some  of  the  laws 
under  which  change  of  colour  is  effected.  A  blue  flower  will 
change  to  wliite  or  red,  but  not  to  bright  yellow ;  a  bright 
yellow  flower  will  become  white  or  red,  but  never  blue.  Thus 
the  hyacinth,  of  which  the  primitive  colour  is  blue,  produces 
abundance  of  white  and  red  varieties,  but  nothing  that  can  be 
compared  to  bright  yellow ;  the  yellow  hyacinths,  as  they  are 
called,  being  a  sort  of  pale  yellow  ochre  colour  verging  to 
green.  Again,  the  ranunculus,  which  is  originally  of  an 
intense  yellow,  sports  into  scarlet,  red,  purple,  and  almost  any 
colour  but  blue.  White  flowers,  which  have  a  tendency  to 
produce  red,  will  never  sport  to  blue,  although  they  will  to 
yellow ;  the  rose,  for  example,  and  Chrysanthemums.  It  is 
also  probable  tliat  white  flowers,  with  a  tendency  to  produce 
blue,  will  not  vary  to  yellow ;  but  of  this  I  have  no  instance 
at  hand. 

Smell  varies  in  degree  rather  than  in  nature ;  some  plants, 
which  are  but  slightly  perfumed,  as  the  common  China  rose, 
acquire  a  powerful  fragrance  when  converted  to  the  variety 
called  "  the  sweet-scented ;"  but  I  am  not  acquainted  with  any 
case  among  flowers  in  which  a  positive  difference  of  smell 
exists  in  two  varieties  of  the  same  species. 

Metamorphoses  of  the  fruit  are  very  common,  and  administer 
largely  to  the  wants  of  mankind.  They  consist  of  alteration 
in  colour,  size,  flavour,  smell,  and  structure.  Tlie  wild  blue 
sloe  of  our  hedges  has,  in  the  course  of  ages,  by  successive 
domestication,  been  converted  into  the  purple,  white^  and  yel- 
low plums  of  our  desserts.  The  wild  crab  is  the  original  fi'om 
which  have  sprung  the  many-coloured,  Proteus-like  variety  of 
the  apple ;  some  of  which  are  destitute  of  smell,  others  scented 
like  the  pine-apple,  and  a  few  partaking  of  the  perfume  of  the 
rose.     In  peas  the  parchment-like  lining  of  the  pod  occa^ 
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sionally  disappears,  and  the  whole  substance  of  the  seed  vessel 
consists  of  lax  cellular  tissue.  In  the  orange  a  second  fruit 
is  sometimes  produced  in  the  inside,  agreeing  in  all  respects 
with  the  outer  fruit,  even  in  peel ;  this  is  doubtless  due  to  an 
attempt  at  producing  a  second  series  of  pistilla.  In  a  variety 
of  the  citron,  called  the  fingered  shaddock,  well  known  in 
China,  this  tendency  to  form  a  second  row  of  pistilla  is  not 
only  in  excess,  but  the  cells  of  the  fruit,  in  attempting  to 
separate  themselves  into  the  simple  individuals  of  which  the 
fruit  of  the  shaddock  is  ordinarily  composed,  divide  it  into 
distinct  lobes  irregularly  arranged  round  a  common  axis. 

Having  thus  passed  in  review  the  irregular  metamorphoses 
of  plants  through  all  the  different  parts,  there  still  remains  a 
subject  on  which  it  is  requisite  to  say  a  few  words.  This  is 
the  permanency  of  such  metamorphoses,  or  their  capability  of 
being  perpetuated  by  seeds.  It  is  a  general  law  of  nature, 
that  seeds  will  perpetuate  a  species,  but  not  a  variety ;  and 
this  is  no  doubt  true,  if  rightly  considered :  and  yet  it  may 
be  urged,  if  this  be  so,  how  liave  the  varieties,  well  known  to 
gardeners  and  agriculturists,  for  many  years  been  unceasingly 
carried  on  from  generation  to  generation  without  change? 
The  long,  red,  and  round  white  radishes  of  the  markets,  for 
instance,  have  been  known  from  time  immemorial  in  the  same 
state  in  which  they  now  exist  The  answer  is  this.  A  species 
will  perpetuate  itself  from  seed  for  ever  under  any  circum- 
stances, and  left  to  the  simple  aid  of  nature :  but  accidental 
varieties  cannot  be  so  perpetuated;  if  suffered  to  become 
wild,  they  very  soon  revert  to  the  form  from  which  they 
originally  sprung.  It  is  necessary  that  they  should  be  cul- 
tivated with  the  utmost  care ;  that  seed  should  be  saved  from 
those  individuals  only  in  which  the  marks  of  the  variety  are 
most  distinctly  traced ;  and  all  plants  that  indicate  any  dis- 
position to  cast  off  their  peculiar  characteristics  should  be 
rejected.  If  this  is  carefully  done,  the  existence  of  any 
variety  of  annual  or  perennial  plant  may  undoubtedly  be  pro- 
longed through  many  generations;  but  in  woody  plants 
this  scarcely  happens,  it  being  a  rare  occurrence  to  find 
any  variety  of  tree  or  shrub  producing  its  like  when  increased 
by  seed. 

NN   2 
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The  reader  who  would  occupy  himself  fiirther  with  this 
curious  subject,  may  consult  Miquel's  Commentatio  de  crga- 
norum  in  VegetabilibiLS  ortu  et  Metamorphosis  Lugd.  Bat  183% 
and  Roper's  treatise  de  Organis  Plantarum, 

Engelmann  has,  moreover,  {de  ArUholysi  prodromus)  at- 
tempted to  classify  the  principal  aberrations  from  nonnal 
structure.  He  has  collected  a  very  considerable  number  of 
cases  under  the  following  heads. 

1.  Retrograde  metamorphosis  {Ilegressus)^  when  organs 
assume  the  state  of  some  of  those  on  the  outside  of  them,  as 
when  carpels  change  to  stamens  or  petals,  hypogynous  scales 
to  stamens,  stamens  to  petals  or  sepals,  sepals  to  ordinary 
leaves,  irregular  structure  to  regular,  and  the  like.  2.  Folia- 
ceous  mctamorpliosis  (Virescentia),  when  all  the  parts  of  a 
flower  assume  more  or  less  completely  the  state  of  leaves. 
3.  Disunion  (Disjunctio)^  when  the  parts  that  usually  cohere 
are  separated,  as  the  carpels  of  a  syncarpous  pistillum,  the 
filaments  of  monadelphous  stamens,  the  petals  of  a  mono- 
petalous  corolla,  &c.  4.  Dislocation  (Apostasis) :  in  this  case 
the  whorls  of  the  flower  are  broken  up  by  the  extension  of 
the  axis.  5.  Viviparousness  {Diaphysis)^  when  the  axis  is 
not  only  elongated,  but  continues  to  grow  and  form  new  parts, 
as  in  those  instances  where  one  flower  grows  from  within 
another.  And  finally,  6.  Proliferousness  (Ecblastem)^  when 
buds  are  developed  in  the  axils  of  the  floral  organs,  so  as  to 
convert  a  simple  flower  into  a  mass  of  inflorescence.  A  very 
considerable  number  of  instances  are  adduced  in  illustration 
of  these  divisions,  and  the  work  will  be  found  highly  useful  as 
a  collection  of  curious  or  important  facts. 

The  doctrines  of  morphology,  and  the  evidence  in  support 
of  them,  may  now  be  considered  so  far  settled,  as  to  require 
but  little  further  illustration  for  the  present.  This  is,  how- 
ever, only  true  of  flowering  plants  :  in  the  whole  division  of 
flowerless  plants  there  has  been  scarcely  any  attempt  to  dis- 
cover the  analogy  of  organs,  and  to  reduce  their  structure  to 
a  corresponding  state  of  identification.  I  some  time  since 
endeavoured  to  excite  attention  to  this  subject,  by  hazard- 
ing some  speculations  which  had  at  least  the  merit  of  novelty 
to  recommend  them ;  but  I  cannot  discover  that  any  one  has 
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since  turned  his  attention  to  the  inquiry,  although  it  must  be 
confessed  that  the  comparative  anatomy  of  flowerless  plants  is 
among  the  most  interesting  topics  still  remaining  for  discus- 
sion; and  that  it  is  rather  discreditable  to  Cryptogamic 
botanists  that  the  elucidation  of  so  curious  a  matter  should 
be  postponed  to  the  comparatively  unimportant  business  of 
distinguishing  or  dividing  genera  and  species. 
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Since   that   portion   of  the  present  work  which  relates   to 
Vegetable  Fertilisation  was  set  in  type,  I  have  received  a  copy 
of  a  very  curious  paper  on  the  same  subject,  under  the  title  of 
Beitrdge  zurhehre  von  der  Befruchtung  derPflanzen;  by  A.  J.  C. 
Corda;  in  which  there  are  many  original  observations  con- 
nected wnth  this  most  interesting  part  of  Vegetable  Physiology. 
The  author's  observations  are  chiefly  upon  the  manner  in 
which  the  pollen  tubes  act  ujwn    the  ovules   of  coniferous 
plants,  and  especially  of  the  Spruce  Fir.      In  these  naked 
seeded  vegetables  it  is  necessarj^  tliat  a  direct  conmiunication 
should  take  place  between  the  pollen  grain  and  the  foramen 
of  the  ovule :  for  die  usual  intermediate  apparatus  of  stj'le  and 
stigma  is  wanting.     The  direction  of  the  pollen  tubes  was 
found  to  be  through  the  foramen  of  the  secundine  into  the 
apex  of  the  nucleus,  into  which  they  pierced  till  they  reached 
its  very  bottom.    The  author  says, —  "  I  saw  the  pollen  tubes 
pass  through  the  foramen  of  tlie  secundine,  enter  the  mouth 
(embryostome)  of  the  nucleus,  tliin  away  till  they  reached  the 
bottom  of  tlie  latter,  then  suddenly  contract,  and  evacuate  their 
contents  in  the  form  of  an  opaque  matter, which  at  first  is  colour- 
less.    After  tliis  evacuation,  the  pollen  tube  remains  in  the 
foramina  of  the  ovule  in  the  form  of  a  thin,  empty,  bright  tubu- 
lar thread ;  and  the  evacuated  matter  forthwith  fashions  itself 
into  a  bag,  which  eventually   contains   the  embiyo,  which 
quickly  increases  in  size,  and  has  often  at  eidier  end  a  ragged 
appearance,  wrinkled  on  its  surface,  and  darkened  internally. 
It  never  loses  its  connection  with  the  pollen  tube.    While  the 
embryo  bag  is  growing,  an  alteration  takes  place  in  the  cel- 
lules of  the  nucleus ;  these  are  at  first  filled  with  polygonal 
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molecules,  but  the  latter  gradually  become  fluid,  and  vanish 
by  absorption,  till  the  cellules  become  completely  clear  and 
transparent.  At  this  time,  especially  in  the  Spruce  Fir, 
several  embryo  bags,  generally  from  two  to  three,  are  dis- 
coverable ;  they  consist  of  a  loose  cuticle  surrounding  a  gela- 
tinous kernel,  which  consists  of  large  oblong  cells,  filled  with 
matter,  and  lying  among  certain  delicate  branching  threads, 
which  have  drops  of  some  fluid  sticking  to  their  sides.  The 
conjunction  of  the  pollen  tubes  and  the  embryo  bag  continues 
for  a  long  time  after  impregnation,  in  fact,  until  the  embryo 
has  acquired  an  oblong  figure,  and  begins  to  grow  lengthwise, 
becoming  firm  and  nearly  opaque.  Soon  after  this  all  trace 
of  the  pollen  tubes  disappears." 

It  therefore  appears,  1st,  That  in  Coniferae  at  least,  a  direct 
communication  takes  place  between  the  pollen  tubes  and  the 
nucleus;  2d,  That  the  pollen  tubes  not  only  touch  the  nucleus, 
but  actually  penetrate  its  substance  to  the  very  bottom  (thus 
putting  themselves  in  communication  with  the  chalaza) ;  Sd, 
That  the  origin  of  the  embryo  is  owing  to  the  discharge  of  the 
contents  of  the  pollen  tubes  in  the  bottom  of  tlie  nucleus  ;  and 
4th,  That  the  embryo  seems  originally  to  grow  at  the  expense 
of  a  peculiar  matter  contained  in  the  cellular  substance  of 
the  nucleus,  which  gradually  becomes  transparent  as  it  is 
emptied  by  the  absorption  of  the  growing  embryo.  There 
are  several  other  curious  matters  treated  of  in  M.  Corda's 
paper,  which  is  extremely  well  worth  the  attention  of  phy- 
siologists. 
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N.  B.  All  tlie  figures  in  the  plates,  of  which  the  following  is  an  explanation, 
are  more  or  less  magnified :  the  drawings  from  which  they  have  been  pre- 
pared are  in  all  cases  original,  except  where  it  is  stated  to  the  contrary. 


PLATE    I. 

J%.  1.  A  small  portion  of  a  section  of  the  cellular  tissue  of  the  pith  of  Caly- 
canthus  floridus,  showing  the  porc-likc  spots  upon  the  membrane. 

Fig.  2.  A  section  of  the  leaf  of  Lilium  candidum,  after  A.  Brongniart ;  a,  cu- 
ticle of  the  upper  surface ;  h,  ditto  of  the  lower  surface ;  c,  stomata  cut  through 
in  different  directions ;  these  last  are  seen  to  open  into  cavities  in  the  paren- 
chyma ;  d,  upper  layer  of  parenchyma ;  c,  intermediate  ditto ;  y,  lower  ditto. 

Fig»  3.  Cubical  cellular  tissue,  passing  gradually  into  prismatical,  from  the  stem 
of  the  gourd,  cut  vertically ;  after  Kieser. 

Fig.  4.  Fibres  forming  arches  in  the  endothecium  of  Linaria  cymbalaria ;  after 
Purkinje. 

Fig.  5.  Fusiform  cellules  in  the  wood  of  a  young  branch  of  Viscum  album ; 
after  Kieser;  a,  common  hexagonal  cells  of  the  pith,  with  grains  of  amydon 
sticking  to  their  sides ;  b,  fusiform  cellules,  considered  by  Kieser  to  be  pierced 
with  holes ;  c,  other  cells  of  the  same  figure,  with  lines  of  dots  spirally  arranged 
on  the  membrane ;  d,  others,  in  whicii  the  dots  are  run  into  lines ;  e,  /,  otlicrs, 
in  which  the  cellules  have  all  the  appearance  of  short  spiral  vessels.  Kieser 
considers  these  not  as  spiral  vessels,  but  as  cellules  of  a  peculiar  kind,  replacing 
spiral  vessels  in  the  viscum. 

Fig,  6.  A  portion  of  the  cuticle  of  Billbergia  ama^na,  with  the  membrane  torn 
on  one  side,  showing  that  it  does  not  tear  with  an  even  edge,  but  breaks  into 
little  teeth. 

Fig.  7.  Muriform  cellular  tissue,  forming  the  medullary  processes  of  Platanus 
occidentalis.  Each  cellule  contains  particles  of  brownish  matter  of  very 
irregular  size  and  form. 

Fig.  8.  a.  Glandular  hairs  of  tlie  peduncle  of  Primula  sinensis;  1,  the  glandular 
apex  more  highly  magnified,  witli  a  |)article  of  the  viscid  secretion  of  the  species 
on  its  point ;  2,  the  apex  of  another  hair,  showing  that  the  end  is  open,  a  coni- 
cal  piece  of  the  viscid  secretion  lying  in  the  orifice :  6,  a  hair  of  Dorstenia, 
showing  the  cellular  base  from  whicli  it  arises,  and  that  it  consists  of  a  single 
hollow  conical  curved  cell. 

Fig.  9.  A  branched  hair  from  the  cilia  of  the  leaf  of  a  species  of  Vcrbascum. 

Fig.  A.  A  simple  coloured  hair  in  Dichorizandra  rufa. 

Fig»  B.  A  hair  with  tumid  articulations  from  the  leaf  of  Gesnerim  tuberosa. 
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Fig,  10.  a.  Stellate  hairs  from  the  leaf  of  a  species  of  Hibiscus  ;  b,  a  scale  of  the 

calyx  of  Elaeagnus  argentea ;  Cy  a  hair  of  Chrysophyllum  Cainito. 
Fig.  11.  Reticulated  cellular  tissue  from  the  testa  of  Maurandya  Barclayana. 
Fig.  12.   Spiral  oblong   cellules  lying  among   the  parenchyma  of  the  leaf  of 

Oncidium  altissimum. 
Fig.  13.  Deep  columnar  cellules,  with  parallel  fibres  from  the  cndothecium  of 

Calla  ethiopica ;  the  top  of  each  cell  being  flat ;  after  Purkinje. 
Fig.  14.  Arched  fibres  connected  by  a  membrane  in  the  endothecium  of  Nym- 

phca  alba ;  after  Purkinje. 
Fig.  15.  Flatoval  cellules,  with  marginal  incisions,  in  the  endothecium  of  Phlomis 

fruticosa;  after  Purkinje. 
Fig.  16.  One  of  the  elastic  fibres  upon  the  testa  of  Collomia  linearis,  unrolled 

spirally,  and  lying  within  its  mucous  sheath ;  magnified  500  times. 
J^i^.  17.  A  part  of  one  of  the  ulaters  of  a  Jungermannia,  showing  a  broad  spiral 

fibre  loosely  twisted  inside  a  transparent  tubular  membrane,  with  a  dilated 

thickened  mouth. 
Fig.  1 8.  Convex  membranes,  with  lateral  radiating  fibres,  forming  together  im- 
perfect cells ;  in  the  endothecium  of  Veronica  perfoliata ;  after  Purkinje. 
Fig.  19.  Radiating  fibres,  in  the  place  of  cellules,  in  the  endothecium  of  Polygala 

chamaebuxus;  after  Purkinje. 
Fig.  20.  Prismatical  depressed  cells,  with  straight  fibres  on  the  walls ;  from  the 

endothecium  of  Polygala  speciosa;  after  Purkinje. 

PLATE  IL 

Fig.  I.  Common  woody  tissue;  a,  slightly  magnified;  b,  very  highly  magnified, 
and  shown  as  seen  by  transmitted  light ;  the  extremities  only  are  seen :  c»  cel- 
lular tissue. 

Fig.  2.  Woody  tissue  from  the  leaf  of  Oncidium  altissimum,  from  a  preparation 
by  Mr.  Griffith.  In  this  there  are  small  tubercles  growing  fit>m  the  surface  of 
some  of  the  fibres,  irregularly,  or  arranged  in  a  spiral  direction ;  a,  is  magnified 
180  times ;  at  6,  which  is  magnified  350  times,  the  form  of  the  tubercles  is  more 
distinctly  shown;  and  it  is  seen  that  small  granules  are  contained  within 
the  fibre. 

J^i^.  3.  The  dotted  ducts  of  Zamia  horrida.  The  little  oval  spaces  that  have 
been  supposed  to  be  holes,  arc  shown  to  be  opaque ;  most  of  them  are  oblique ; 
but  some  of  them  are  exactly  transverse,  rounder,  and  have  a  distinct  line 
passing  through  their  longer  axis. 

Fig.  4.  Woody  tissue  from  the  stem  of  Calycanthus  floridtis :  in  this  the  udes 
of  the  tubes  are  marked  with  small  oval  dots,  exactly  as  in  Zamia. 

Fig.  5.  A  minute  portion  of  a  section  of  tlie  wood  of  a  species  of  Gnetum  from 
Tavoy ;  a,  woody  tissue,  filled  with  loose  and  rather  angular  particles  of  greenish 
matter  ;  6,  glandular  woody  tissue,  showing  its  large  sise  in  proportion  to  the 
other,  and  the  appearance  of  its  glands. 

Fig.  6.  A  vertical  radiant  section  of  the  wood  of  yew,  magnified  250  timet; 
after  Kieser ;  showing  what  he  calls  the  spiral  porous  cells.  The  spires  vary 
from  one  to  four  in  each  cell ;  and  the  glands,  when  present,  are  always  situated 
between  the  spires,  as  at  a,  b,  e,  and  g.  Some  of  the  cellules  have  no  glands, 
as  Ct  d,/.  A,  t.     The  yew  has  true  spiral  vessels  besides  these. 

jFi^'.  7.  A  small  portion  of  a  vessel  in  the  wood  of  an  Ephedra  from  Chili, 
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taken  from  the  Ticinitj  of  the  medullary  sheath :  its  membrane  is  distinctly 
perforated  at  the  upper  part  with  oral  holes :  at  the  lower  part  the  place  of 
these  holes  is  occupied  by  glands  like  those  of  Gnetum,  in  fig.  5. ;  or  of  Abies^ 
in  fig.  8.  It  would  therefore  seem,  that  the  oral  holes  in  the  membrane  of 
Ephedra  are  places  from  which  the  glands  have  fallen.     Magnified  350  times. 

Fig,  8.  A  vertical  radiant  section  of  the  wood  of  Pinus  Abies,  showing  the 
glands  upon  the  walls  of  woody  tissue,  magnified  520  times ;  after  Kieser ;  but 
corrected  by  showing  that  the  glands  are  convex,  and  the  supposed  pores  in 
their  centre  often  opaque. 

Fig.  9.  The  termination  of  a  spiral  vessel,  extracted  from  the  root  of  a  hyacinth, 
by  Mr.  Valentine :  this  shows  distinctly  the  enveloping  membrane. 

Fig-  10.  A  fragment  of  a  spiral  vessel,  bent  abruptly  to  show  that  it  is  cylindrical 
and  not  flat ;  magnified  500  times. 

Fig-  11*  A  spiral  vessel,  with  each  twist  composed  of  four  fibres,  from  the  stem  of 
Nepenthes  distil latoria.     This  is  the  largest  spiral  vessel  yet  known. 

Fig.  12.  A  minute  portion  of  a  transverse  section  of  an  Indian  tree,  showing  a 
medullary  ray,  a/  the  mouths  of  several  bundles  of  ducts,  bb  bf  and  the  ends 
of  the  woody  tissue,  c  Ci  ddfin  which  the  latter  are  imbedded.  The  wood  of 
this  plant  is  exceedingly  compact;  evidently  owing  to  the  denseness  and 
stoutness  of  the  woody  tissue. 

Fig'  IS.  Two  vessels  from  the  stem  of  Impatiensbalsamina;  magnified  ISO  times; 
after  Kieser ;  a  is  a  duct,  with  the  spires  broken  in  some  places,  and  inoscu- 
lating in  others,  so  as  to  form  the  reticulated  vessel  of  this  author ;  6,  a  spiral 
vessel,  with  the  spires  broken  at  the  top  into  rings. 

Fig.  14.  A  horizontal  section  of  the  stem  of  Tropaeolum  majus,  magnified 
1  SO  times ;  after  Kieser.  This  is  to  show  the  intercellular  passages,  which  are 
unusually  large ;  at  a  they  are  empty  ;  at  6  filled. 

Fig.  15.  A  tangental  section  of  Sassafras  wood,  magnified  ISO  times;  after 
Kieser :  a  a,  two  banded  dotted  vessels ;  or,  as  Kieser  calls  them,  punctuated 
spiral  vessels ;  b  6,  the  mouths  of  the  medullary  rays,  showing  how  they  are 
connected  with  the  bark. 

Fig*  16.  Dr.  BischofTs  representation  of  the  manner  in  which  spiral  vessels  pass 
successively  into  annular  and  dotted  ducts.  This  figure  is  imaginary;  but 
Bischoff  asserts  that  he  has  actually  seen  such  a  vessel  in  the  garden 
spinage  {Spinacia  oUraced)* 

Fig'  17.  Two  sorts  of  dotted  vessels  from  the  wood  of  Phaseolus  vulgaris,  mag- 
nified ISO  times;  after  Kieser:  a,  has  the  bands  much  more  nearly  approx- 
imated than  6,  in  which  the  spaces  between  tlie  bands  is  almost  fusiform. 

Fig'  18.  A  bundle  of  ducts  from  the  stem  of  a  Lycopodium ;  from  a  prepar- 
ation by  Mr.  GriflSth :  this  shows  the  manner  in  which  such  vessels  are  packed 
together  when  m  jihi>  and  their  terminations. 

Fig'  19.  Vasiform  and  short  woody  tissue  from  the  stem  of  Phytocrene 
gigantea ;  from  a  drawing  by  Mr.  GriflSth,  in  Wallich's  Plants  Amaticm, 
t.  S16. 

Fig'  20.  The  same,  from  the  same  authority,  showing  that  this  sort  of  vessel  ia 
really  composed  of  short  cylindrical  cellules,  placed  end  to  end,  and  opening 
into  each  other. 

Fig.  21.  A  section  of  the  cyst,  or  receptacle  of  oil  in  the  rind  of  a  lemon,  showing 
that  it  ia  a  mere  cavity  built  up  of  cellular  tissue. 
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PLATE  TIL 

Fig'  1*  A  du&ter  of  six-sided  air-cells  from  the  stem  of  Limnocharis  Plumieri : 
they  are  formed  entirely  of  prismatical  cells ;  a  a>  partitions  dividing  the  air. 
cells  in  two. 
Fig.  2.  A  partition  or  diaphragm  of  the  last- mentioned  plant,  showing  the  open 
passages  that  exist  at  the  angles  of  the  cells.  When  dry  the  rims  of  the 
passages  are  dark,  as  at  a  ;  when  immersed  in  water,  the  dark  rim  disappear!, 
and  the  whole  partition  has  the  uniform  appearance  of  b. 

Fig.  S.  A  portion  of  the  cuticle,  and  a  stoma,  of  the  leaf  of  Onddium  altissimum ; 
a,  the  stoma,  formed  of  two  parallel  glands  or  cells,  which  open  by  curving 
outwards.  In  this  plant  the  stomata  are  very  minute  and  few :  on  the  mem- 
brane of  each  mesh  of  the  cuticle  are  found  sticking  from  four  to  six  ^erical 
semi-transparent  green  globules. 

Fig'  4.  Stomata  of  Strobilanthes  Sabiniana.  They  are  very  large,  and  crowded 
together  in  an  irregular  manner. 

Fig"  5.  Ditto  of  Croton  variegatum :  this  is  an  instance  of  a  cuticle  with  sinuoui 
lines.     The  ori6ce  of  each  stoma  is  closed  up  with  brownish  matter. 

Fig,  6.  A  stoma  of  Canna  iridiflora. 

Fig.  7.  A  cavity  beneath  the  cuticle,  in  the  parenchyma  of  Begonia  sanguinea; 
seen  from  the  inside,  so  that  the  cuticle  is  farthest  from  the  eye.  It  is  divided 
by  sub-cylindrical  cellules  into  five  spaces,  in  each  of  which  there  lies  a 
stoma. 

Fig.  8.  One  of  the  stomata  of  the  same,  more  magnified,  and  showing  that  the 
medial  line  does  not  touch  either  end,  and  that  the  cavity  of  the  stoma  is  filled 
with  granular  matter. 

J^i^.  9.  Stomata  of  the  under  side  of  the  leaf  of  Caladium  esculentum,  with  a 
portion  of  cuticle.  These  appear  to  be  somewhat  angular  cellules,  occupying 
tlie  centre  of  every  area  of  the  cuticle.  The  stoma  consists  of  an  oval  space, 
in  the  centre  of  which  is  a  narrow  cleft,  with  a  border  distinctly  coloured 
orange  or  brownish,  and  having  no  communication  with  the  circumference  : 
the  space  between  the  clef%  and  the  latter  filled  with  a  pale  green  granular 
substance.  The  clefl  is  sometimes  seen  closed,  as  at  a,  and  then  there  is 
scarcely  any  appearance  of  a  border. 

Fig.  10.  Cuticle  and  stomata  of  Yucca  gloriosa :  the  latter  lie  in  square  areolae, 
and  consist  of  two  parallelograms  lying  parallel  with  each  other.  Small  sphe- 
roidal bodies,  having  a  luminous  appearance  under  the  microscope,  stick  here 
and  there  to  the  inside  of  the  cuticle. 

Fig.  1 1 .  Stomata  of  Limnocharis  Plumieri.  These  also  lie  in  square  areolc, 
but  they  have  the  ordinary  structure :  they  are  found  in  different  degreet  of 
openness,  or  even  quite  closed,  upon  a  small  piece  of  the  same  specimen* 

Fig.  12.   Stamen  of  Lcnina  trisulca:  anther  bursting  vertically. 

Fig.  13.  Stamen  of  Polygonum  Convolvulus;  a>  seen  in  front;  6,  from  behind; 
c,  the  connectivum  of  the  anther. 

Fig.  14.   Stamen  of  Correa  alba ;  a,  seen  in  front;  6,  from  behind. 

Fig.  15.  Stamen  of  Stachys  sylvatica;  a,  filament;  6,  connectivum;  c,  anther, 
its  lobes  separated  at  the  base  by  the  connectivum. 

Fig.  16.  Anther  of  Alchemilla  arvensis ;  one-celled,  and  bunting  transverMly. 

Fig.  17.  Stamen  of  Scrophularia  chrysanthemifolia ;  a,  part  of  the  filament,  and 
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the  anther,  which  is  one-celled,  after  bursting ;  b,  the  same,  before  the  dehi- 
scence of  the  anther. 

Jm^.  18.     Anther  of  Lomitim  album ;  ito  lobes,  as  in  fig.  16.,  separated  at  their 
base  by  the  large  connectivum. 

JFig,  1 9.     Stamen  of  a  species  of  Zygophyllum ;  a,  the  anther ;  b,  the  filament ; 
c,  the  scale  to  which  the  filament  adheres. 

JFig'  20.     The  one-celled  anther  and  filament  of  Callitiiche. 

Fig.  21.     The  stamen  of  Sparganium  ramosum. 

JFig.  22.  The  stamen  of  Vaccinium  amaenum ;  a,  the  pores  by  which  the  anther 
bursts. 

Fig.  23.  The  anther  of  Begonia  Evansiana ;  a,  the  oblique  inuneraed  cells ; 
6,  the  connectiTum. 

Fig.  24.  Anther  of  Cucumis  sativa ;  a,  seen  from  the  front ;  b,  from  behind ; 
c,  the  connectiTum  ;  d,  the  sinuous  lobes  of  the  anther. 

JFl(g.  25.  Stamen  of  Hermannia  flammea ;  a,  filament ;  6,  scale  to  which  the 
latter  has  grown. 

Fig.  26.  Haired  stamen  of  Sjmaphea  dilatata,  after  Ferdinand  Bauer ;  a,  fila- 
ment; 6,  connectimm ;  c,  single  lobe  of  the  anther  after  bursting. 

Fig*  27.     Stamen  of  Eupomatia  laurina,  after  the  same. 

JFig.  28.  Stamen  of  Cephalotus  follicularis,  after  the  same ;  a,  a  granular  con- 
nectivum. 

Fig.  29.     Stamen  of  Pterospora  Andromedea ;  a,  an  appendage  of  the  anther. 

Fig'  SO.     Stamen  of  Securinega  nitida ;  the  cells  opening  transversely. 

Fig.  31*     Stamen  of  Chloranthus  monostachys ;  a,  connectiTum. 

JFig.  32.  Stamen  of  Eriodendron  Samaiima,  after  Von  Martius  ;*  anther  sinuous 
and  one-celled. 

PLATE  IV. 

Figs.  1 ,  2,  3.  Difierent  views  of  the  stamens  and  stigma  of  Stylidium  violaceum, 
after  Ferdinand  Bauer ;  a  a,  anthers ;  b,  a  column  formed  by  the  union  of  their 
filaments ;  c,  a  cup-like  disk,  consisting  of  the  flattened  and  united  apices  of 
the  filaments ;  d,  the  stigma,  the  style  of  which  is  united  with  the  coluom  of 
filaments  tlirough  its  whole  length.  Fig.  1.  The  anthers  when  burst,  seen  in 
front ;  fig.  3.  the  same,  from  behind ;  fig.  2.  the  anthers  pushed  aside  so  as  to 
show  the  stigma. 

Fig.  4.  Stamen  of  Rhynchanthera  cordata,  after  Von  Martius ;  a,  a  minute  mem- 
brane that  separates  the  filament  d  from  the  elongated  connectiTum  e ;  h,  the 
attenuated  beak-like  apex  of  the  anther,  opening  by  a  single  pore  at  the  point. 

Fig.  5.  Stamen  of  Lasiandra  Maximiliana,  after  Von  Martius ;  a,  dilated  bases 
of  the  two  cells  of  the  anther ;  6,  pore  at  the  apex,  through  which  the  pollen 
is  discharged. 

JF^.  6.  Stamen  of  Glossarrhen  floribundus,  after  Von  Martius ;  a,  a  dilated 
petaloid  connectiTum,  to  the  face  of  which  the  lobes  of  the  anther  adhere  • 
b,  the  filament. 

Fig.  7.  Slamen  of  Lacistema  pubescens,  after  Von  Martius;  a,  fihunent; 
6,  forked  connectiTum ;  c  c,  separated  lobes  of  the  anther. 

Fig.  8.  Stamen  of  Gomphrena  leucocephala,  after  Von  Martius ;  a,  broad  dilated 
trro-toothed  filament,  bearing  a  linear  one-celled  anther. 
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Fig*  9.     Seamen  of  Humirium  floribundum,  after  Von  Martius ;  a»  a  large  tu- 

berculated  petaloid  connectivum. 
Fig,  10.     Stamen  of  a  species  of  Cryptocarya,  from  Chili,  in  which  the  anther 

opens,  as  in  other  Laurineae,  by  valves  that  roll  back  when  they  separate ; 

a,  one  lobe  of  the  anther,  with  the  valve  not  separated ;  6,  the  other  lobe,  with 

the  valve  in  the  acf  of  rolling  back ;  c  c,  abortive  stamens  under  the  form  of 

glands. 
Fig,  1 1 .     Stamen  of  Berberis  vulgaris,  exhibiting  the  same  phenomenon  ;  a,  valva 

closed ;  6,  valve  separated  and  recurved. 


^^^  AU  the  foUowing  figuret  of  poUen  are  ttikeiif  with  tearcefy  any  alierdtion, 
from  Purki^fe,  and  are  drawn  to  the  tame  scaU^  to  that  their  reiative  fixes 
are  knownm 

Fig,  12.   Pollen  of  Stratiotes  aloides. 


IS. 

Calla  sBthiopica. 

14. 

Elymus  sabulosus. 

15. 

Avena  latifolia. 

16. 

Scirpus  romanus. 

17. 

Pancratiam  declinatum. 

18. 

Populus  alba. 

19. 

Mirabilis  Jalapa. 

20. 

Urtica  dioica. 

21. 

Armeria  fasdculata. 

22. 

Plumbago  rosea. 

23. 

Cineraria  maritima. 

24. 

Salvia  intemipta. 

25. 

Stachytarpheta  mutabilis. 

26. 

Polygala  spinosa. 

27. 

Heracleum  sibiricum. 

28. 

Acacia  lophantha. 

29. 

Iresine  difi\isa. 

30. 

Fuchsia  coccinea. 

31. 

Scorzonera  radiata. 

Fig,  32.  Grains  of  pollen  of  Gesneria  bulbosa  emitting  their  tubes ;  magniBed 
180  times.  The  tube  is  of  extreme  tenuity,  and  may  be  withdrawn  from  the 
stigmatic  tissue  with  great  facility.  Masses  of  granular  matter  may  be  seen 
descending  the  tubes  at  irregular  intervals. 

Fig.  33.  A  grain  of  pollen  of  the  same  plant,  with  its  tube  magnified  500  times: 
this  shows  that  the  tube  is  an  extension  of  the  outer  membrane  of  the  grain  of 
pollen,  if  the  latter  was  coated  by  more  than  one.  The  granular  matter  is 
seen  passing  down  the  tubes,  and  quitting  the  grain  of  pollen,  which  finally 
becomes  a  transparent  empty  vesicle. 

Fig.  34.  Grain  of  pollen  of  Datura  stramonium,  emitting  its  tube ;  afUr  Bron- 
gniart ;  a,  pollen-tube. 

Fig,  S3.  Grain  of  pollen  of  Ipomoea  hederacea,  emitting  its  tube ;  after  Bron- 
gniart;  a,  pollen-tube. 
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Fig.  36.  Mode  in  which  the  pollen  mcts  upon  the  stigma  in  (Enotherm  biennis : 
a  a,  pollcn-tubcs ;  b  b,  tissue  of  the  stigma  into  which  these  tubes  penetrate ; 
after  Brongniart. 

Fig»  37.  Mode  in  which  the  pollen  acts  upon  the  stigma  in  Antirrhinum  majus ; 
after  Brongniart :  the  pollen  sticks  to  the  surface  of  the  stigma,  and  the  tubes 
plunge  down  between  the  utricles  of  cellular  tissue,  of  which  the  stigma 
consists. 

Fig,  38.  A  grain  of  pollen  of  the  same  plant  with  its  tube,  more  highly  mag- 
nified :  a,  the  pollen-tube. 

PLATE   V. 

Fig,  1.  Vertical  section  of  the  ovarium  of  Dictamnus  albus  ;  a,  gynophorus,  or 
elongated  base  of  the  ovarium ;  b,  base  of  the  style ;  c,  cavity  where  the  car- 
pella  have  not  united ;  r/,  cell ;  e,  placenta,  with  ovula  attached  to  iL 

Fig,  2.  Transverse  section  of  tlic  same  in  a  more  advanced  state,  where  the  car- 
pella  are  beginning  to  separate :  a  a,  carpella ;  by  an  ovulum  cut  through ; 
c,  placenta. 

Fig*  3.  Pistillum  of  Coriaria  myrtifolia ;  consisting  of  five  carpella,  each  bearing 
a  single  linear  stigma,  and  collected  round  a  common  elevated  axis,  the  base  of 
which  is  seen  at  a. 

Fig,  4,  Ovarium  of  Lamium  album ;  a,  base  of  the  style ;  6,  carpella  pressed 
together  into  a  square  concave  body ;  c,  fleshy  lobed  disk. 

Fig,  5.  Pistillum  of  Pinguicula  vulgaris ;  a,  ovarium  ;  b,  style ;  c,  stigma  con- 
sisting of  two  very  unequal  lobes. 

Fig,  6.  A  vertical  section  of  the  same ;  a,  the  central  free  placenta ;  b,  orula ; 
Cf  point  where  the  placenta  is  connected,  before  fertilisation,  with  the  stig- 
matic  tissue. 

ng,  7.  A  perpendicular  section  of  the  pistillum  of  Vaccinium  amocniun ;  a, 
inferior  ovarium  combined  witli  the  tube  of  tlie  calyx ;  6,  limb  of  the  calyx ; 
c,  epigynous  disk ;  d,  placenta ;  e,  ovula ;  f,  style ;  g,  stigma. 

Fig,  8.  A  transverse  section  of  Uie  ovarium  of  Hydrophyllum  canadense,  showing 
its  remarkable  placentation  ;  a,  wall  of  the  ovarium  ;  b,  left  placenta ;  c,  right 
placenta ;  e,  one  of  their  points  of  union,  the  other  is  seen  on  the  opposite 
side;  d,  a  fleshy  secreting  annular  disk.  In  this  case,  two  placents  grow  up 
face  to  face  from  tlie  base  of  the  ovarium,  and  gradually  unite  at  their  edges,  e, 
enclosing  the  ovula  within  the  cavity  they  thus  form ;  Uiis  is  proved  by  Ne- 
mophila,  in  which  the  placentation  is  the  same,  except  that  the  placents  ai« 
always  distinct  from  each  otlicr;  one  of  these  placcntie,  the  ovuliferous  face 
turned  towards  the  eye,  is  represented  at  fig.  8. 

Fig,  9.  A  peri>endicular  section  of  the  inferior  ovarium  of  Thamnea  uniflora, 
afler  A.  Brongniart;  a,  tul)Cof  thecalyx  ;  A,  wall  of  the  ovarium;  c,  epigynous 
disk ;  d,  ovula  collected  round  a  columnar  placenta. 

Fig,  10.  Transverse  section  of  the  ovarium  of  Viola  tricolor,  showing  its  parietal 
placentation ;  a,  one  of  the  three  placentas. 

Fig,  1  !•  *  Stigma  of  the  same  plant,  which  is  inflated  and  hollow,  with  an  orifiGe 
obliquely  situated  at  iu  apex. 

Fig,  IS.   Bifld  stigma  of  Chloanthes  stoechadis,  after  Ferdinand  Bauer. 

JF^.  IS.  Hairy  ^pex  of  the  style  and  stigma,  with  its  indunum,  of  BninoniA 
austral  is,  afWr  Ferdinand  Bauer;  a,  stigma;  6,  indusium. 
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Fig*  14.  The  same,  divided  perpendicularly;  a,  stigma;  b,  indusium. 

Fig.  15.  Stigma  of  Banksia  coccinea,  with  a  part  of  the  stjie,  after  Ferdinand 
Bauer. 

Fig.  16.  The  earliest  state  of  the  ovula  of  Cucumis  anguria;  this,  and  the 
succeeding  figures,  to  25  incluuve,  are  after  Mirbel. 

Fig.  17.  Three  of  these  ovules  in  a  more  advanced  state. 

Fig.  18.  An  ovulum  at  the  period  when  the  apex  of  the  nucleus  a  is  just  appear- 
ing through  the  primine.  The  foramen  has  already  become  oblique  with  respect 
to  the  apex  of  the  ovulum. 

Fig*  19.  An  ovulum  of  the  same,  at  the  period  when  the  secundine  is  appearing 
through  the  foramen  ;  a,  nucleus ;  6,  border  of  secundine ;  the  nucleus  is  now 
more  oblique  than  before. 

Fig.  20.  An  ovulum  of  the  same,  at  a  subsequent  period,  but  still  long  before  the 
expansion  of  the  flower  ;  the  several  parts  are  more  developed  ;  the  nucleus, 
which  at  first  was  terminal,  has  now  become  lateral,  and  is  evidently  turning 
towards  the  base  of  the  ovulum :   a,  nucleus ;   b,  border  of  secundine. 

Fig.  21.  An  ovulum  of  the  same  after  fertilisation  ;  in  the  interval  between  this 
state  and  the  last,  the  primine  has  grown  over  the  secundine  and  nucleus ;  the 
apex  of  the  latter  has  turned  completely  to  the  base  of  the  ovulum ;  and  the 
foramen  is  contracted  into  the  little  perforation  at  a. 

Fig.  22.    Ovulum  of  Euphorbia  lathyris,  in  a  very  young  state,  long  before  the 
expansion  of  the  flower ;  a,  kind  of  cap  projecting  from  the  wall  of  the  ovarium 
and  into  which  the  apex  of  the  nucleus  b  is  inserted ;   this  hood  finally  closes 
over  the  foramen,  into  which  it  protrudes  as  the  nucleus  retreats;   c,  the 
primine ;  the  secundine  is  a  similar  cap  included  within  the  primine. 

Fig.  23.    Very  young  ovulum  of  Ruta  graveolens ;  a,  the  primine ;  b,  the  se- 
cundine ;    c,  the  nucleus :    in   the   end  the   primine  extends,  contracts  at 
its  foramen,  and  closes  over  the  secundine  and  nucleus. 
Fig.  24.    Vertical  section  of  an  ovulum  of  Alnus  glutinosa ;  a,  the  umbilical 
cord ;   b,  foramen ;   c,  primine  (and  secundine  perhaps  united  with  it)  ;  ^,  nu- 
cleus ;  ft  vessels  of  the  raphe ;  /',  place  of  the  chalaza. 
Fig*  25.    An  oblique  vertical  section  of  the  fertilised  ovulum  of  Tulipa  ges- 
neriana;   a,  foramen   of    the  primine    (or   Exostome);   6,   foramen   of  the 
secundine  (or  Endostome) ;  c,  primine ;   d,  secundine ;   «,  nucleus,  its  apex 
concealed  within  that  of  the  secundine ;  /,  vessels  of  the  raphe ;  g,  place  of 
the  chalaza. 
Fig.  26.    Ovulum  of  Lepidium  ruderale ;   after  A.  Brongniart :   a,  umbilical 
cord;   6,   foramen;  c,  point  of  the  nucleus  seen  through  the  primine  and 
secundine. 
Fig.  27.   Half-ripe  seed  of  the  same,  cut  through  perpendicularly  ;   after  Bron« 
gniart ;    a,  the  umbilical  cord ;  b,  foramen  ;  c,  primine ;  d,  secundine ;  e,  nu- 
cleus ;  /f  embryo  partially  formed,  its  radicle  pointing  to  the  foramen  ;  g,  the 
point  where  the  nourishing  vessels  of  the  placenta  expand  (the  chalaza). 
Fig.  28.    A  perpendicular  section  of  the  ripe  seed  of  the  same,  after  A.  Bron- 
gniart ;    the  primine  and  secundine   are  consolidated  ;  and  the  nucleus  is 
entirely  absorbed  by  the  embryo ;  a,  umbilical  cord :    6,  foramen,  now  become 
tlie  micropyle;    g,   chalaza;     h,  cotyledons  of  the  embryo;   i,  radicle;    k, 
plumula. 
Fig*  29.   Mode  of  fertilisation  in  Cucurbita  Pepo,  after  Adolphe  Brongniart ; 
a,  a  portion  of  the  placenta ;  6,  ovulum ;  c»  its  foramen ;  d,  the  bundle  of  stig* 
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matic  tissue  through  which  the  fertilising  matter  is  conveyed,  and  to  which  the 
foramen  is  closely  applied  ;  e,  the  bundle  of  vessels  that  communicates  with  tlie 
umbilicus ;  /,  the  commencement  of  the  raphe. 

PLATE  VL 

Fig.  I.  A,  Vertical  section  of  the  seed  of  Canna  lutea ;  a,  albumen;  b,  embryo. 
—  B,  Embryo  extracted  and  divided  vertically ;  a,  cotyledon ;  b,  plumula  con- 
cealed within  the  embryo ;   c,  radicle,  with  internal  rudiments  of  roots. 

Tig,  2.  A,  Vertical   section   of  the  seed  of  Myrica  cerifera;    a,  cotyledons; 

b,  radicle ;  c,  plumula ;  c2,  remains  of  foramen ;  e,  hilum.  —  B,  Embryo,  ex- 
tracted entire  ;  a,  cotyledons ;  b,  radicle. 

Fig.  3.    Vertical    section   of  the    seed  of  Luzula  campestris  ;    a,   albumen ; 

6,  embryo. 
Fig»  4.   Vertical  section  of  the  grain  of  Bromus  mollis ;  a,  albumen  ;  b,  embryo  ; 

c,  its  plumula ;  d,  its  cotyledon ;  e,  its  radicle,  with  internal  rudiment  of  a 
root. 

Fig.  5.  Vertical  section  of  the  seed  of  Rheum  rhaponticum  ;  a,  albumen ; 
6,  embryo ;  c,  hilum ;  d,  remains  of  foramen. 

Fig.  6.  A,  Seed  of  Triglochin  palustre ;  a,  fungous  chalaza ;  6,  raplie ;  c, 
hilum.  —  B,  Embryo  of  the  same ;  a,  cotyledon ;  b,  radicle ;  c,  fissure, 
within  which  the  plumula  lies.  —  C,  The  same  halved  vertically ;  a,  cotyledon  ; 
by  radicle  ;  c,  fissure ;  d,  plumula. 

Fig.  7.  A,  Seed  of  a  species  of  Begonia;  a,  hilum.  —  B,  The  dicotyledonous 
embryo. 

Fig.  8.   Coiled  up  embryo  of  Basella  rubra;  a,  radicle  ;  6,  cotyledons. 

Fig.  9.  Vertical  section  of  the  seed  of  Mesembryanthemum  crystal linum ;  a,  al- 
bumen ;  b,  radicle  of  the  embryo. 

Fig.  10.  Anatomy  of  the  grain,  and  germination  of  Scirpus  supinus,  after 
Richard.  —  A,  A  vertical  section  ;  a,  albumen  ;  6,  embryo.  —  B,  The  embryo 
extracted,  enlarged,  and  halved  vertically ;  a,  cotyledon  ;  6,  radicle.— C,  Tlie 
seed  germinating  and  halved ;  a,  albumen  ;  6,  cotyledon ;  c,  plumula ;  d,  young 
root ;  Ct  sheath  of  the  latter. 

Fig.  11.  A,  Seed  of  Ribes  rubrum  ;  a,  chalexa;  6,  raphe ;  c,  hilum.  —  B,  The 
same,  halved  vertically,  showing  the  minute  embryo,  with  two  spreading  coty- 
ledons lying  at  the  base  of  the  albumen  ;  b,  section  of  the  raphe ;  c,  hilum ; 
di  albumen. 

Fig.  12.  Embryo  of  a  species  of  Mammillaria ;  the  cotyledons  very  small. 

Fig.  13.  Embryo  of  Geranium  Robertianum  ;  a,  radicle;  6,  line  of  union  of  the 
two  cotyledons ;  c,  one  of  the  plaits  in  the  latter. 

Fig.  14.  Section  of  the  seed  of  Alisma  Damasonium,  after  Mirbel ;  a,  cotyledon ; 
b,  radicle  ;  c,  plumula. 

Fig.  15.  Part  of  the  seed  of  Olyra  ktifolia,  after  Richard;  a,  albumen  ;  6,  back 
cotyledon  ;  c,  front  ditto  ;  d,  radicle ;  e,  plumula. 

Fig.  16.  Embryo  of  Ruppia  maritima,  after  Richard ;  a,  plumula ;  6,  ooij- 
ledou. 

Fig.  17.  Vertical  section  of  the  seed  of  Pekca  tuberculosa,  after  Richard; 
a,  radicle ;  b,  collet ;  c,  cotyledons, 

J^.  18.  Embryo  and  ruminated  albumen  of  Eupomatia  laurino,  after  Ferdinand 
Bauer  (a  vertical  section). 
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Fig*  19.  Spiral  twisted  embryo  of  Cuscutm  europaea. 

Fig.  20.  Half  the  embryo  of  a  bean  (Vida  Faba),  after  Mirbel ;  a,  one  of  the 

cotyledons ;  b,  plumula ;  c,  radicle ;  d,  scar  from  which  the  other  cotyledon  has 

been  cut. 
Fig.  21.  Germination  of  Itachenalia  serotina ;   a,  albumen ;    6,  cotyledon ;  c, 

plumula;  d,  radicle. 
Fig,  22.   (termination  of  Calla  stfaiopica,  after  Miibel ;  a,  exterior  elongation  of 

the  cotyledon ;  b,  seed ;  c,  front  leaf  of  the  plumula ;  d,  radicle. 
Fig»  23.  Germination  of  Allium  Cepa ;  a,  albumen ;  b,  embryo  elongated  be- 

yond  the  testa. 
I^.  24.  The  same  further  advanced ;  a,  seed ;  b,  base  of  the  cotyledons ;  c, 

radicle  or  young  root ;  d,  plumula. 
Fig*  25.  Germination  of  BaptisiA  auatraUs,  after  De  Candolle  i  aoj  cotyledons. 
Fig.  26.  Germination  of  Cerds  Siliquastrum,  after^De  Candolle  laa,  cotyledons. 
Fig.  27.  ThecsB,  or  Sporangiola  of  Erysiphe  adunca,  after  Grerille. 
Fig.  28.  Sporules  of  Fhascum  crasdnenrium,  after  Grrenlle. 
Fig.  29.   Asd,  or  Thee*  of  Sphsria  tubaeformis,  after  Greyille. 
Fig.  SO.  Thecae  of  ▼arious  Lichens,  after  Von  Martins. 
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Cona,  [05. 
Cotjleilons,  90.  313. 
Couuiaet,  116. 
Creeping  stem,  63. 
CmnocarpiuiD,  203. 
Crenels,  114. 
Cruita,  231. 
Crypu,  32. 
Cubit,  401. 
Culmui,  53.  64. 
Cupula,  1 21. 
Cuticle,  36. 
Cjima,  134. 


C}phell*,  231. 
C7pa*)a,309. 
Cfilkltum,  tm. 
Cystula,  3S8.  380. 

Decimetre,  409. 
Dehiscence,  1S8. 
Diacb^a,  98. 
Dicleaium,  90S. 
Diemilis,  200l 
Diploe,  98. 
Diplotegia,  303. 
Disk,  161. 

17B. 


401. 


DngOD,  65. 

Drups,  199. 

Ducu,  37. 

Ductus  intercdUulares,  30. 


EleniiHiUiy  orguu,  I  • 

fibre,  3.; 

Ell,  401. 
£l>triculi,  ise. 
Enil)r;o,SlI. 
Embryolega,  210, 
EndDcarpium,  18T. 
EnJopk-ura,  206. 
Endoptila,  216. 
Endorhiia,  SI 4. 
EndmiDOse,  333. 
Endospenniuin,  311. 
Endoilonie,   179. 
EndotheduRi.  I,;i. 
Epicmrp,  IST. 
Epiblutul,  315. 
Epispcnne,  206. 
EryiJimtomuni,  SOO. 


Elsr 


,  WO. 


ISl. 


Eioptilei,  3IG. 
EiorbiiK,  SH. 
Eiounou,  333. 
EioNoroe,  179. 

la,  148. 


Fuciculiu,  131. 
FaicrgdaHr,  17. 
Fauuei  tncb^  ST. 
Faux,  140. 
Ftbril1>,  BG.  331. 
Filomfiit,     45.    4T. 
PiilulB  apinlel,  93. 
Filed  embryo,  57. 
FIngelln,  54. 
Fligcliuin,  G5. 
Flocci,  334. 
nower,  137. 
FoUiculu),  199. 
Foot,  40?. 
Foramen,  1 


Fon. 


.  144. 


Fovilla,  ISS. 
Frond,  330. 
Fruvtus  inreruB,  187. 

luperus,  IB7. 

FVuit,  185. 
Frutei,  55. 
Frudeului,  55. 
Fulcra,  IIT. 


Gdbutu*,  304. 
Glim,  140. 
Gemini,  Sfl. 
CemmuU,  319. 
Geniculum,  SS. 
Gill  I,  3^3. 
GUndi,  49. 
Glande*  i  godet,  51. 

cellulairea,  51. 

--  --  TascuUi™*,  51. 

coitialet,  39. 

miliaim,  39. 

epidermoidules,  89. 

vesiculoirM,  3B. 

Glindula  cutanea,  39. 

■  hypogyn*,  Ifil. 

imprms,  38. 

leiiliculnnMi,  44. 

■  iquaiDosa,  331. 

urceolaro,  51. 

utriculam,  51. 

Glandular  bun,  46. 
Glnns,  202. 
Clobulp!,  232, 
Globuli,  230. 
Globulin*,  8. 
Globului,  SSa 
Glochia,  46. 
Glomeruli,  330. 
Glomerulu*,  133. 
Glomui,  133. 


Glumi 


135. 


Glumella,  136. 
GtumelluU,  1S6. 
GoDgjIi,  331,  239. 
Gooophortim,  167. 
Gousn,  199. 
Giaadi  pom,  39. 
Granula,  151.  932. 
Orappe,  130. 
Grouilirslion,  164. 
Gjnoiceuni,  169. 
Gynnbaiit,  167. 
Gynopboni,  163. 
Ojuoriemium,  I4B. 
Gyroma,  321.  930. 
Oynit,  391. 

HairincM,  45. 
Hair*,  45. 

,  IfinphatJc,  4B. 

Hami,  46. 
Heart-wood,  T3. 
Helmet,  140. 
Hemigyrut,  199. 
Heqwridiuro,  909. 
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Hilofdre,  206. 
Hilum,  809. 
Hinuties,  45. 
Hooks,  46. 
Horns,  144. 
Hybernacalum,  57» 
Hymenium,  233. 
Hypanthodium,  130. 
Hypha,  232. 
Hypoblastus,  215. 
Hypopbyllium,  117. 
HypotheduiDy  230. 

Inch,  401. 
Indusium,  165.  221. 
Induviae,  90. 
Inflorescence,  129. 
Innovations,  54. 
Intercellular  passages,  SO. 
Intemodium,  53. 
Involucellum,  124. 
InTolucrum,  124. 
lulus,  131. 

Jet,  65, 
Juba,  133. 
Juga,  115. 

Keel,  141. 

Label  lum,  140. 
Lacinula,  142. 
Lacuna,  32.  231. 
Lamella,  143.  233. 
Lamina,  89.  104.  140. 

proligera,  23  L 

Languette,  116. 

Laub,  89. 

Layering,  65, 

Leaf,  89. 

Leaf-buds,  56, 

Lecus,  62. 

Legumen,  199. 

— — —  lomentaceitm,  19^ 

Lenticelles,  51. 

Lenticular  glands,  51. 

Lepals,  161. 

Lepicena,  125. 

Lepis,  49. 

Lcpisma,  161. 

Liber,  69. 

Lignese  fistulae,  17. 

Ligula,  116.  122.  144. 

Limbus,  104.  140. 

Limes  communis,  53. 

Line,  401. 

Linea,  401. 

Lip,  140. 

Liquor  amnios,  184. 


Lirella,  230. 
Loculi,  148. 
Locusta,  125. 
Lodicula,  126. 
Lomentum,  199. 
Lorica,  206. 
Lorulum,  231. 
Lufibehaiter,  32. 
Lympfaaeducts,  27. 

Mace,  190. 

Malleolus,  65. 

Meatus  intercellulares,  SO. 

Medulla  seminis,  211. 

Medullary  rays,  71. 

sheath,  72. 

Melonidium,  203. 
Membranula,  221. 
Merithallus,  53. 
Mesophyllum,  98. 
Metre,  402. 
Microbasis,  200. 
Micropyle,  209. 
Milk-Tessels,  32. 
Millimetre,  402. 
Muscarium,  132. 
Mycelia,  234. 

Nail,  401. 
Nauca,  209. 
Neck,  212. 
Nectarilyma,  144. 
Nectarium,  143. 
Nectarostigma,  144. 
Nectarothcca,  142. 
Nees*8  speculations,  324. 
Nerves,  105. 
Node,  53. 

vital,  53. 

Nucamentum,  131. 
Nucelle,  179. 

Nucleus,  59.  179.  2S1.  834. 

proligerus,  231. 

Nucula,  208.  232. 
Nuculanium,  202. 
Nux,  198. 

baccata,  204. 

Ochrea,  122. 
Oeflfhdngen,  39. 
Offsett,  66. 
Omphalodium,  209. 
Operculum,  118.  226. 
Oplarium,  230. 
Orbilla,  230. 
Orbiculus,  143.  234. 
Orgy  a,  401. 
Ostiolum,  834. 
Outline,  382. 


Outre,  118. 

PliTllum,  1S& 

Orarium,  16S. 

PSUu^SSS. 

OtuU,  167. 

PiUc.pCt«i,46. 

PigiM,  las. 

PaillelU,  1S4. 

™buUti,4e. 

P>l.te,  140. 

pilidium,  saa 

Ptlem,  1S4. 

PUority,  45. 

P»l«.i-,  1S6. 

Klul>,204. 

Piiin,401. 

Ftaictt,  13S. 

I^Hillum,  163. 

Piq.iU«,  51. 

Pith,  68. 

P«ppu«,  137. 

Placenta,    64. 

P.pul«,5l. 

Plateau,  63. 

Ploranthium,  190. 

Plumule,  «12. 

FodMia,  9sa 

Pu»Uda,144. 

FuutemoD,  144. 

Pod«pettt,ium,  164. 

Parenchyma,  12. 

Faniu  ilAnentaira,  1. 

fauaw  navette,  4*. 

Palellula,  SsO. 

PoLn^on,  132. 

Ftcten,  SS4. 

Pedicel,  199. 

Pediculiu,  147. 

Pollao,  ISl. 

celli,  153. 

Pella,  3», 

PoUai,  401. 

Polychurion,  £oa 

Pepo,  S03. 

Polyiecum  200. 

Peponida,  809. 

Fomunt,  303. 

Port*  of  the  apidennia,  39. 

dlongia,  33.  38. 

Preflotation,  410. 

Pricklei,  53. 

Peridiola,  S3B. 

Primine.  179. 

Pmdium,  334. 

Propaiulum,  66. 

PrriJ™nia.  220. 

PropaginBi.  61. 

PerigDnium,  ]S6. 

Propago,  65. 

Propagula,  230. 

Prmencliytna,  13. 
Froaphyaet,  336. 

Perigjnium,  126.  161. 

Perispenn,  a04.  Sll. 

PwodohymeDLum,  333. 

Periaporum,  187. 

pMudoperidium,  SSS. 

PeriilachTUm,  135. 

Picrdiuin,  201. 

Plerodium,  SOI. 

Pet,  401. 

Felatt,  139. 

FulviuuH.  331. 

Petiole,  S9.  115. 

PulriDUI,lI6. 

Petiolulc,  115. 

Punctualiiiii,  453. 

Petitatubn,  17. 

FuUmen,  1H7 

Phjfcomaler,  233. 

Fyridiun.,  203. 

PhfUodia,  117. 

P/xidiuRi,  801. 

o  o  4 

Raceme,  1 30. 

lUchit,  189.  saa 

Hadicle,  21  £. 
lUdiculB,  86. 
Ruiiculod4,  al5- 
Ramutra,  tl6. 


lUmt 


.as. 


RamenU,  48.  49. 
BamUlo,  54.  SS. 
Raphe,    80.  210. 
Riiphiilw.  34. 
Receptacle,  130.  176. 
RecepUclea  of  lecrctioii,  31. 

of  oil,  38. 

Receplacula  nicci,  31. 
Regnw,  300. 
RcliquiB,  90. 
RJMTToir  d'air,  SB. 
lUaervoin  ■ccidenlela,  3S. 
—  en  ccKCum,  3S. 

I  v^culairei,  3S. 

du  luc  prapre,  33. 

Reticulum,  131. 
Rhinna,  86. 
Rbizoma,  66.  313. 
RbiiuU,  86. 
Rictui,  14a 
Rootstock,  66. 
Root,  SS. 
Eloatalla,  46. 
Rostellum,  SIS. 
Rostrum,  144. 
Runner,  65. 
Rupturing,  189. 

Sac  of  tfae  embi70,  IBS. 
Sacchua,  143. 
Sacellui,  S04. 
Saflrohren.  23. 
Sunara,  901. 
Sap-veueli,  27. 
.Sarcobaaii,  SOU. 
SaicoCBrpium,  187. 
Sarcoderm!),  SOS. 
Sarcoma,     61, 
SannentuDl,  65. 
SanUlea,  61. 
Sobiltiei,  51. 
ScaU,  134. 
Scape,  13S.  313. 
Sopellui,  S19. 
Scaphiuni,  141. 
SchraubengerMM.  S3. 
SdoD,  SB. 
Scleianthum,  S04. 


ScurfiaeM,  4B. 
Sculelli,  939. 
Scutellum,  Slj.  S3a 
Scutum,  114. 
ScTphui,  143. 
Scypba,  HSO. 
Secondine,  179. 
SecutidiDK  inteniM,  911. 
Secdi,  naked,  SI  8. 
Sepala,  136. 
Septa,  173. 
SqXum,  173. 
Seitulum,  138. 
Sela,136.  3S6. 
Seta,  46.  50. 
Sbeath,  1 16. 
Shields,  339. 
Slicula,  201. 
Siliqua,  201. 


Sotubilitj,  189. 
Soredia,  330. 
Son,  331. 


Spadil,  133. 
Span,  401. 
Spatha,  135. 
Spathella,  ISG. 
Spennaphonim,  164. 
Sperm^jstidium,  148.  993. 
Sptmiidium,  198. 


Spberulo,  834. 
SpbakTocurpun),  304. 
Spicula,  13,1. 
Spike,  ISO. 
Spilus,  309. 
^nea,  57. 
Spiral  leuela,  9S. 
Spiral  amngnnent,  91. 
Spiralgefiiae,  S3. 
Spilliama,  400. 
Spong;iu]a>  leniiaiilei,  50. 
-Spongiolc.  8G. 
Sporangiolii,  V34. 
Sporangium.  221.  S34. 
Sporidia,  2 J  4. 
Sporidiola,  S34. 
Sporocarpium,  828. 

Squama,  194. 
Squamelle*.  1C4. 
Squaniula,  136. 


StuniDg,  soa 

Triehidiuci,  334. 

sulk,  8». 

TIWIC55. 

SUmcDi,  144. 

SUndud,  111. 

Sum,  33. 

T^™,«». 

Stipi-,165. 

Tube.  140.  164. 

Stimuli,  46. 

Tuber,  63. 

Stings  46. 

Tuberculam,  63.  330. 

sdpei,  53.  aaa.  939. 

SUpui.,  laa 

poreux,  15, 

Stole,  65. 

Tumid  eicmcencei,  S38. 

Stole  65. 

Tunics  extenu,  806. 

8tomUa,S9. 

>iil«iu.S06. 

Stool,  65. 

Turin,  54, 

Slrigs49. 

TympKium,  S96. 

Strobilui,  904. 

8tronu,354. 

Ul™,40l. 

Stroiiliiols.  M&. 

Umbel,  138. 

Sirum..  116.  SS7. 

Umbiliol  cord,  164. 

Strle,  164. 

UodiiUcu*,  309. 

Unci,  46. 

Unci^40i. 

Sucker.  65. 

Underriirub,  55. 

Suffhiiei,  55. 

Unguis  HO.  401. 

Sureuliw,  65. 

Urceolus  196. 

Surgeon,  65. 

Uredo.  399. 

Syconui,  S04. 

Utricului,  151.  198, 

Syiurrbodum,  300. 

V«iMe«ii  en  cbapelet,  15.  89. 

4t™ngl«%8». 

TJ«r«  111 

TegroeJ.,  ISM. 

Tegmenlii,  59.  61. 

Tendril,  117. 

V-igioii.  110. 

Terdoe,  IBS. 

Vagiiwlle,  ^9, 

T«to,S06. 

Vulvcs  148.  ISS. 

TeMieului,  148. 

Valvule,  136. 

Tewi^Hfl, 

V«.  GbtOM.  17. 

Th.l«iius  ISO.  1T6.  834. 

pK.pri.,31. 

Th»llui,  237. 

.pir.lisS3. 

Tbec^  HS. 

VaicuUrtiuue,  91. 

Thec«,  148.  234. 

V«culum,  118. 

Thecidium,  198. 

Veins  105. 

Thfonl,  140. 

Veiret,  46. 

Tjiyrsula,  ]»4. 

Velum,  233. 

Thynu.,  133. 

Velumeo,  46. 

Tigtiie,  212. 

Vemwion,  105. 

Tmuc(.11ul>ir«*Uoog«,  17. 

VeTTUc«.50. 

ligneui,  17. 

VertidlUMer,  134. 

orgsni^ue,  1. 

V^nicillu*.  90, 

Toi^,  401. 

V«Lcul«,     7  iia. 

■mnioa,  189. 

Tonii,  176. 

VowUonuei,  81.  108. 

TracbcK,  3S. 

VciiUum,  141. 

Trie  MO. 

viiJc»i(r,  46. 
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Vimeiiy  54. 
Vine,  66» 
Yirgultum,  55. 
Vital  TesMls,  SI. 
Vitellus,  909. 
VidcuU,  66. 
VitUB,  32. 
VolTa,  233. 


Abnokmal,  382. 
Abrupt^  pinnatua,  391. 
Accisus,  387. 
Accretus,  417. 
AcerosiM,  383. 
Acetabuleiu,  38a 
Aciculated,  395. 
Acinaciformis,  376. 
Accumbent,  218. 
Aculeatusy  395. 
Acuminatus,  386. 
Acuminose,  386. 
Acute,  386. 
Adhering,  417. 
Adnate,  150.  417. 
Adventitious,  57. 
Ad  versus,  415. 
^qualis,  385. 
^qualivenium,  108. 
^quilaterus,  385. 
^ruginoflus,  406. 
Aggregatus,  420. 
Alaris,  417. 
Alatus,  378. 
All>e8cen8,  404. 
Albidus,  404. 
Albus,  404. 
Alsinaceous,  141. 
Alternately  pinnate,  391. 
Alternative,  412. 
Altemus,  419. 
Alutaceus,  399.  406. 
Alveolatus,  394. 
Amphigenus,  418. 
Amphitropal,  218.  416. 
Amplexicaulis,  416. 
Amplectant,  416. 
Anastomosing,  394. 
Anatrapous,  180. 
Anceps,  376. 
Anfractuosus,  414. 
Angular,  376.  388. 
Anisodynamous,  216. 
Anisobrious,  216. 
Anisos,  401. 
Anisostemonoui,  401. 
Annexusy  417. 
Annotioui,  40S. 
Annulatui,  395. 
Anthnicinus,  405. 


VriUe,  117. 

Warts,  50. 
Whorl,  90. 
Wings,  141. 

Xylodium,  198. 


II.     ADJECTIVES. 

Anticus,  150.  415. 
Antitropal,  218.  416. 
Apiculatus,  386. 
Apocarpus,  168. 
Arachnoid,  46,  397. 
Arcuatus,  375. 
Areolate,  395. 
Argenteus,  404. 
Arpo,  404. 
Anstatus,  386. 
Armeniacus,  406. 
Arrectus,  412. 
Arrow-headed,  384. 
Articulatus,  393.  417. 
Artiphyllous,  54. 
Ascending,  413. 
Asper,  46.  396. 
Aspergilliformis,  393. 
Assurgens,  413. 
Atcr,  404. 
Atratus,  405. 
Atrovirens,  406. 
Attenuatus,  385. 
Aurantiacus,  406. 
Aurantlus,  406. 
Auratus,  405. 
Aureus,  405. 
Auriculatus,  384. 
Autocarpien,  187. 
Avcnium,  108. 
Awl-shaped,  383. 
Awncd,  386. 
Axe-shaped,  376. 
Aiillary,  89.  417. 
Azureus,  407. 

Baccatus,  400. 
Badius,  405. 
Banded,  408. 
Band-shaped,  382. 
Barbatus,  46.  397. 
Basal,  417. 
Basilaris,  417. 
Basinervia,  110. 
Beaked,  377.  386. 
Bearded,  46.  397. 
Bell-shaped,  379. 
Bellying,  382. 
Berned,  40a 
Biconjugatus,  392. 


Caulinua,  417. 

Bidenote,  3BS. 

Cellular,  IS. 

Biduu^  403. 

Ceraceui,  399. 

B[f«iu.,4I9. 

Cereua,  399. 

Biferu^  402. 

Cerinu«,406. 

Bifidu.,  399. 

Cemuou^  414. 

Bifoliolite,  391. 

CerviDua,  406. 

Chnffy,  3y7. 

BijuguB,  115. 
Bilobu^  389. 

Chalk- while,  404. 

bimaUk.  403. 

Ch«i«eeua,  998. 

BiMle,  391 

Ch!oro,406. 

BipartitUB.  399. 

Chr7«.,40S. 

Bifwmie,  388. 

Ciliattd,  46.  397. 

Bill>..n.3a7 

Bliddery,  381. 

Cinnaharinua,  407. 

Blotched,  408. 

Cinnamomeu,,  40S. 

Circili«te,  413.  414. 

Blurred,  4O0. 

Cinhoui,  386. 

Cilre(U,405. 

Bony,  399. 

Citrinu.,  405. 

CUTate.  374. 

Boued,  31 S. 

ClflTiformii,  374. 

Bolulitormi^  381. 

Clouded,  408. 

Club- shaped,  374. 

Cliislered,  420. 

BrsDcbed,  39S. 

Clyp^tua,  S7S. 

BrisIle-paiDUd,  3SS. 

Coacervalus,  420. 

BriUlx,  395. 

Coditua,  417. 

Bmsh-ihaped,  ,180.  393. 

Coaled,  399. 

BuckUr-Jiaped,  315. 

Cobwebbed,  397. 

Eutlerfly-shaped,  HI. 

Cochlaarii),  41S. 

Cochleile,  374. 

Cocdneua,  407. 

Caducous,  403. 

Ctaruleua,  *W. 

C«plto«,419. 

Cosious,  398.  407. 

Cdcvein,  404. 

Cohering,  417. 

Comb-shaped.  390. 

Csmpanacein,  379. 

Combinali  venosua,  40S 

CompotituB,  390.  419. 

Compound,  104.390, 

Compound  (leaf),  419. 

CBDMllate,  39^. 

Conduplicate,  411. 

Can™ens,*M. 

Confertua,  4)9. 

ClDUB,  404. 

ConBueni,  417. 

Cipiliarii,  3TT.  401. 

Conglomcmtui,  4Sa 

OpiMtui,  387. 

Conical,  373. 

C»rin«tu»,  376. 

Carneus,  -407. 

Connate,  97.  416,417. 

ConDiTeiu,  '41J. 

Conoidal,  373. 

Conlinnua,  4 Si. 

CaMideou^  141. 

Conlonui,  412. 

Convergcntl-Dervotui,  1 

Conrergineryia,  409. 
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C<m*erging,  115. 
Convolute,  4    .  4la 
CoTKinu.,  405. 
Cordilui,  3»4. 
Cordirormis,  3S1, 
CorUceiu,  399. 
Corkj,  399. 
Conimi,  399. 
CornicuUtu*,  377. 
Coniutui,  3TT. 
Corollarii,  118. 


Corrugalus,  411. 
CarticUui,  399. 
CoiymbcH,  13S< 
CoMatui,  110.  409. 
Coljlifiirm,  3 SO. 
Crumu,S99- 
CnlcrifonnU,  3tK). 
Cmm  colour,  404. 
Cicnuted,  »88. 
CreDelled,  114. 
Cr^Hccnt-sbaped,  384. 
Crested,  377. 

Crinitui,  397. 
Criipua,  388. 
CriMUui,  377. 


DcMudroiu,  147. 
DcciduouB,  403. 
Declinate,  147.  413.  414. 
Decolppound,  390. 
Decivuinglj  pintiBle,  391. 
Decumbens,  415. 
I^ecumn^  97.  416. 
DccuniTeljr  pinnMC,  391 . 
Decimiirui,  416. 
Dccumtui,  4S0. 
Defleiui,  414. 
DeliqunccDi,  393. 

(nulU),  55. 

DelklueKenl  (pkuicle),  133. 
Delloid,  384. 
Uemeraui,  41 3. 
Dendroidi'ii,  39S. 
DeaUUiu,  SSS. 
DeDudalUB,  398. 
Drpauperaluc,  420. 
Dependent,  413. 
Depreued,  375.  400. 
Descending,  413. 
Detenniiiitus  (eauMi),  56. 
Dewy,  398, 
Dudelphoui,  146. 


Dictiol 


147. 
us,  393. 


Cn> 


1,406. 


Cubicd,  374. 
Cubilalii,  401. 
Cuculluiu,  381. 


Cupola-shaped,  379. 

Cup-shaped,  379. 
Cupulifonnis,  379. 
Curv  ,111,^,411. 
Curie -ribbed,  409. 
Cuned,  37  S. 
Curre-Teined,  109. 
CuriinerriE,  409. 
Currinervium,  109. 
CuTTivenium,  109. 
Cuilanned,  375. 
Cuaplikle.  3S6. 
Cot,  389. 
Cfuieu*,  406. 
C7UK>,406. 
Cjrailiifannii,  379. 
Cyclic^,  817. 
C^lindricd,  373. 
CTinbifoniui,  376. 

Oad>l*oui>  887. 
DmIMim,  S98.  404. 


Digilsto-pinnale,  391. 

Uigiialironnis,  380. 
Digiutui,  389. 
Digitinerriua,  1 10. 
Dimiiliate,  236.  378. 
Dlplerui,  385. 
Direct  TCnosus,  1  lO  409. 
Disappearing.  393. 
coidal,  375.  408. 


Diati 


1,491. 


DiMJchout,  419. 
DiMinCtus,  117, 
Diitnctile,  149. 
Diurnub,  403. 
l)i>Briciiling,  415. 
Dodecandrous,  MT. 
DudronuOis,  401 
DoIabrifDrmiE,  376. 
Dorul,  417. 
Doucd,  395.  408. 
Double- bearing,  40S. 
Down;,  396. 
Drooping,  414. 
Dumofua,  55. 
Duplicalo  dentate,  388. 

pinnaU,  398. 

Krr«te,3e8. 

Duplkalua,  491. 
Duplo,  401. 
Dui^,  398. 


Euvd,  384. 
Eborinui,  404. 
Ebumtua,  404. 
EdiinituB,  395. 
Edged,  40B. 
Egg-*haped,  383. 
Eluo,  406. 
Elatuq,  400. 
EllipMiidBl,  375. 
Elliplicui,  383. 
EmarginiU,  387. 
Enibniciag,  41G. 
Endophyllous,  SI4. 
Endogenoui,  81. 
Enerrit,  410. 

Eniironnis,  363. 
EotaDgled,  48 1. 
Entin,  387. 

Ephemrrua,  403. 
EpigKiia,  4IB. 
Epigrnoui,  146.  418. 
Epiph^llus,  417. 
Epiplenis,  378. 
Eqiiiil,  148.  383. 
Equal- veined,  108. 

EqUMI        --■ 


Equit. 


4ia. 


Equally  pinnate,  391. 
Equal-aided,  384. 
Elect,  412. 


S  ■100. 
1,  336. 


Einlul 


Excurrcni  (caulii),  133. 
Bicumnt,  393. 
Eiiguui,  400. 
Eiogenous,  67. 
Eiopbylloui,  314. 
Eitronu*,  150.  415. 

Fading,  403. 
Falcate,  376. 
Falwly-ribbed,  110. 
Falrinerria,  4ia 
Fan-ahaped,  378. 
"    ■  400. 


Fasciariua,  383. 
Fascialui,  408,  480. 
PurieuUled,  87.  419. 
Fasliginle,  420. 


Fibnua,  399. 
Fiddle-ibaped,  384. 

FiliforraLs,  3l7. 
Fiinbri Bills,  397. 
Fingered,  389. 
Fiisua,  as 9. 
Fi.tulous,  373. 
Flnbcllirormia,  9T8. 
FlBgellirura  ■       -- 


Flan 


i,  407. 


Plavidus,  405. 
Flacescens,  405. 
FUroTirens,  40G> 
Flarui,  405. 
Fleshy,  399. 
Fleiuosui,  414. 
Floating,  418. 
FlonJis,  417. 
FloicoK,  396. 
FluiEuu,  413. 
Foliaeeua,  184.  17B. 
Foliaria,  118.  417. 
Foliifomiis,  378. 
Forked,  39:i. 
Fo»gluve-.,liapecl,  SSI. 
Fringed,  397. 
FroMed,  39S. 
Fugacious,  403. 
Fuligineus,  405. 
Fuliginoaui,  105. 
PulvUB,  406. 
Fumeua,  404. 
Fumosua,  404. 

Fungi  lliformia,  381. 
Fungifannii,  381. 
Funiliforinii,  377. 
Funnel-ahaped,  379. 
FuTcalui,  393. 
Fumnred,  395. 
FuKua,  405. 
Fuiirorm,  87.  375. 
Fusinua,  375. 

Oa1acUi,404. 


Gelatinous  399. 
Gemioatui,  4S). 
Geniculau,  414. 

Gibboaus,  3T5. 
Giblioua,  375. 
Giganleiu,  4o0. 
Gigantic,  400. 
Gilvus,  406. 
Githagincua,  407. 
Glaber,  398. 
GItdiatua,  383- 
Glandaceua,  405. 
GUndular,  3M. 


GIbucoui,  398- 
<>  Uncus,  406. 
GlMocSKXm,  40e. 
GlitWring,  39B. 
Globcne,  373, 
Clobuloaus,  373. 
Glodiidatiu,  46. 
GlutiDiMUi,  398. 
Gnawed,  33  B. 
GoblM-ihiped,  3M. 
Gongytodei,  378. 
Grammicii!,  409. 
GranuUr,  393. 
GranulMui,  393. 
GreuT,  39S. 
Griieui,  404. 
GnoDonical,  317. 
Gnimoiu,  378. 
408. 


Hmnuiticui,  407. 
Hair.pointed,  386. 
Hair-shaped,  377. 
Hury,  396. 
Hnlberi-heoJcd,  384. 
H*lf-nelled,  394. 
Half-terete,  375. 
Halved,  378.  385. 
Hoslahis,  384. 
Headed,  337. 
Hean-ihaped,  384. 
Hebetatui,  367 
HelvoluB,  40e. 
Hepaticus,  405. 
Hcplandioua,     47. 
Herbaceous,  400. 
Helerocaipien,  187. 
Heterotrupal,  SI  8, 
HaxaiidToiu,  147. 
Hidden- veined,  111. 
Hinoideui,  109.  410. 
Hirtiu,  396. 
Hiipid,  39«. 
Hoar?,  396.  404. 
Homolropal,  416. 
Honeycombed,  394. 
HoDdcri,  381. 
Hooked,  3BS. 
Hooksd-bwk,  385. 
Horariui,  403. 
Horiwntal,  4)3. 
Homed,  377. 
Horny,  399. 
Bomiu,  403. 
HumiftuHi,  415. 
HuDu]ia,400. 
H^paeraterifbriD,  140.  31 
Hrposaoua,  418. 
HjpogTnon^  MS.  418. 


HjKenodiui,  408. 


Icoaandroua,  147. 
Igneua,  407. 
ImbricalMl,  411.  419. 
Imparipinnalui,  115.  991. 
InffiijualiB,  385. 
InEquilUerui,  3B5- 
Incanua,  396.  404. 
Incamaiiu,  407. 
Indnit,  389. 
Inclinite,  4  3. 
Incumbent,  318. 
IncuTTUi,  414. 
IndehucenI,  188. 
Indeterminatui  (eaulis),  56. 
Indirect^  venoaus,  409. 
Indigoticua,  407. 
Indu  plicate,  411. 


Indo* 


1,90. 


Inermii,  395. 
Inferior  (olji),  138. 
luflMui,  381. 
lofleicd,  414. 
Infra  .auiillaiy,  89- 
Infractiu,  414. 
Infundibulironn,  140.  379. 
Innate,  15a  417- 
Inleger,  387. 
Inlegerrimua,  387. 
Interruptedlf  pionale,  391. 
Inlerruptiit,  4«1, 
Intricaliu,  4£l. 
Introcurvui,  414. 
Intni6eiut,  414. 
Introrsus,  150.  415. 


Inlrff 


I,  111. 


Interted,  413. 
Involute,  410.  413. 
Irregular,  143.  383. 
lubriouo,  916. 
liodjmainoua,  316. 
lui,  400. 
Iwatenianoua,  401. 
Ivorjr-vrbile,  404, 

Jointed,  393. 

Keeled,  876- 
KeraietinUB,  407. 

Kidney-shaped,  384. 
Knee-jinnted,  414. 
Kneepan-ahaped,  3801 
Knoblikc,  378. 
Knotted,  377. 

Labiate,  14a  3T9. 


LartcUE,  404. 
X-MraaoiB,  394. 
I-evrgntuJ,  398. 


Lmiccalalc,  38S. 

liaterincrvius,  109. 
IdUriiius,  A0^ 
J«xu>,39g.  419. 
Lof-like,  378. 
Leathery,  999. 
Lens-shaped,  315. 
LtnticuUr,  375. 
Iientifonuu,  375. 
X«ntiginiHUB,  398. 
Lepidatua,  49.  39^ 
Leproua,  397. 
Leprosui,  397- 
LMtered,409. 
Lnieo,  404, 
Liber,  417. 
Ligoeus,  17.  3»9. 
Lignoam,  399. 
LtguJolua,  3BS. 
Lil  acinus,  407. 
liiliaccous,  141. 
LimbatuE,  408. 
Linedi*,  401. 

Lincalus,  395. 
Lioed,  395. 
Ijnguifonnii,  376. 
little  400. 
Lituratui,  409. 
Liridui,  406. 


Mublea,4 


Lafl7,400. 
Loom,  399.  119. 

Low,  400. 


LunulM     . 
Lnridui,  405. 
Lduolni,  405. 


398. 


Mar^nal,  417. 

MBrginalua,408, 
Maimontlus,  40s. 
3ila<ilted,   4o. 
Mealy,  897.  4O0. 
Medullar;,  399. 
Mdon,  401 . 
Meimlemonous,  401. 
Mela,  404. 

Melon-«tupetI,  375. 

Meniscoideus,Sfil. 
MenstrUBlis,  403. 
lVfeI)Mraus,403. 
Milk.whiie,  404. 
'Mi  lluil -shaped,  37S. 
Hiniatus,  407. 
Mitrifann,  226. 
MiicincrTiu),  110. 
Modioli  fiimu'a,  381. 
UolendiuBceua,  378. 
Monidelphous,  146. 
Monaodroui,  147. 
HoDocaipoui,  40S. 
Monilifbrm,  377. 
MonopetulDus,  140. 
IMonophyllos,  138. 
Much-branched,  313. 


I,  398. 
e,  396. 


Muc 
Muc 
Multiceps,  «7. 
Multiftnu,  409. 
Multifidiu,  lis.  389. 
Multijugui,  392. 
Multidigitaio-pin  natu),  SE 
Murieaied,  396. 
Murinui,  404. 
Muacnrifomii],  380. 
Mushroom -headed,  iSl. 
Muticui,  387. 

Naked,  398. 
Naked  (wedi), 
Nanui,  40a 
Ha[Hfinmi%  374. 
NbUuib,  413. 
NaTe.iha.pcd,  381. 
NaiicuUris,  377. 
NcbuloBUs,  408. 
Necklace- ibopcd,  S77. 
Necdle.4haped,  383. 
Nerratusi,  1  la  409, 
Nervosum,  409. 
Netted,  109.  391. 
Nig^,  405. 
Nigritui,  405. 


Nitidui,  39B. 


NiTI 


1,104. 


Noclurnui,  403. 
Nodding,  414. 
Nodouji,  377. 
NoduloM,  47.  86. 
Normal,  38S. 
Nudui,  39B. 
NuUinerrii,  110. 
Nulliu,431. 
Numerous,  4SI. 
Nutaiu,414. 

Ob,  433. 

Oblique,  3Si.  419. 
Oblong,  383. 
Obtuiui,  386. 

Obrdule,  411. 
Ocellaled,  408. 

Ochroleucus,  406. 
Ocundrout,  147. 
Of\ea-bctuing,  403. 
Ologinoui,  399. 
Oligos,  421. 

Oiic-rlibed,  409. 
Onesided,  414.  490. 
OpH]ue>  398. 
Opereulale,  114. 
OppoiiU,  90.  415.  419. 
Orbiculu,  383. 
Orgjralia,  40t. 
Ortholropal,  218. 
Onhoiropous,  180.  416. 
Oldllatnrius,  417. 

Onl,  383. 
0»«l«,  383. 
OToidsl,  375. 


PdmallJldus,  1 14.  390 
Palmatilobatu*.  114.  390 
Pslnntipaniim,  114.  390, 
PalmBtiwclus,  1 14.  390. 
Palmironiiu,  410 
Falminerni,  1  lO  410. 
Pandunliu,  3B4. 
Puidurifbrmii,  384. 
Pa|iei7,  396. 
Pipilioiuceoui,  1 41, 
Pkpillowu.  396. 
Papukmu,  396. 


Papjraceu*,  S9B. 
Panbolicml,  383. 

PaislieJinervii,  409. 
rarivtal  (piililU',  ISS. 
Puipinnalut,  391. 
Parted,  389. 
Panitiooed,  394. 
Pwtitiu,3B9. 
IWIIifonnii,  380. 
FatcDi,  4 IS. 
Pear..ih«ped,  374. 
Ptfiifiaius,  390. 
Pedalinerriui,  1  la 
Pedalii,  401. 
Pedale,  339. 
PedAtilidii^390. 
PtdaiilobBlus,  39a 
FednLBiervi^  410. 
I'EdaliparliluB,  390. 
PL>datiseciU9,  390. 
Pedunculaiii,  118. 

[dfrhuf],  lis. 

PelUte,416. 
Pellinervis,  41a 
P«llin«vius,  lia 
Penduloua,  413. 
FennUipanitus,  3fl9. 
Pen  ni  form  ii,  460. 


Penni 


I,  09,  1 


J,  403. 
PcTcniiUI,  403. 
Fi^rraliate,  97.  416. 
PeHonleii,  394. 
Pmchmlal.  536. 
Pcrigj-nous,    <5.  418 
PeripteniH,  178. 
Peritropd,  41S. 
PemMnent,  403. 
Perooate,  378.  397. 
Penintenl,  403. 
Penonatc,  140. 
Perpendicular,  413. 
Perpiuillus,  400. 
Pcrtuau*,  394. 
Perrioui,  54. 
Petal-like,  STP. 
Petaloideoui, '. 


Pli 


I,  lis.  4 


iginiger,  3r(4. 
riKeniii-iis,  407. 
Pbxlloideua,  378. 
Piceus,  405. 
Piclua,  408. 
Piliferua,  386. 
Pilaae,396. 
Pimpled,  396. 

Pinnate  with  an  odd  ana,  S91. 
Piniutad,  391. 


Pinnatii'iius,  389. 
Pinnalifld,  SX9. 
Pinnatilolnlui,  390. 
PiniuEicertua,  390. 
Pilcher-shapfd,  379. 
Rthf,  399. 
Pittid,  394. 
IMiOUnte,  87. 
Placenta^haped,  374. 
Flailed,  411. 
PUae,  375. 
Pleiopliytlous.  SI. 
PlicatisUB,  411. 
numbnii,  404. 
numouu,  397. 
PDCuliFonn,  :»B0. 
PointlcH,  SRI 
Poinlletted,  386- 
Poliahed,  39S. 
Polilut,  39S. 
PoUicwi*,  401. 
Poly,  421. 
Polfiulelphaua,  I4<^ 
Poljsndroua,  147. 
PolycaqHiiiii,  402. 
Polypeulouf,  m>, 
Porphyteui,  405. 
Pouicu*.  ISO,  415. 
Pouch ->hnp«l,  3  SO. 
I'owdery,  397. 
FrBmone,  86.  38  T. 
Fnuinu*,  406. 
Prickly,  3S5. 
Pnim-ihaped,  37^. 
PrismBtrcal,  37  S. 
ProbDKJdeus,  377. 
ProceruK,  4(io. 
Pr<icuniben<i  4 1 S, 
Proa>U,415. 
PraMnUu,415. 
ProtennlboiH,  409. 
PruiniKua,  398, 
Pseudo-coatatut,  1 10. 
Pwudonumo-coCv  I  edanou  > 
Pubens,  39G. 
Pubncens,  396. 
Pullut,  40S. 


Puniceus,  407- 
Pungenl.  3H6. 
Pure  white,  404. 
Purpurciu,  407. 
Puaillut,  400. 
Fy^sui,  400. 
T^nmidBlia,  S7.'). 
Fyrirnnnla,  374. 


Qiudridigitalo-pi  iinBlu  i, 
Quinate,  391. 
QuinCunT,  413. 
Quintuplinerrlu*,  1 10.  4< 


Ramfnuceou'i,  104.  S9T< 
lUmoius.  392. 
Ramwti^itnui,  393. 

Keclinah',  413,413. 
Rectinems,  409. 
Rectifcniui,  109. 
Rectui,  413. 
Refleied,  414. 
R^uUr,  143.  383. 
Rcmotiu,  4S1. 
RenuiiM,  3B4. 
Reniromiu,  384. 
flepand,  388. 
RepliuU,411. 

Rnupirule,  413. 
ReticuUled,  109.  394. 
Hctinenii,  116.  409. 
Retn>rH»,4l5. 
RcnncSBe. 
ReTaltits,411.4IS. 
Rhiiocarpoui,  40!. 
IUiado,407. 


384. 

Rhomboid,  384. 
Bibbad,  Ua  409- 
Ringed,  395. 
Ringcnt,  140.  378. 
Rape.«b^ed,  377. 
Roridu*,  398. 

1, 141.  491. 


1,407. 
RcMelUtui,  38  G. 
Koatnlus,  986. 
RosuUte,  419. 
Rotsu,  HO.  379, 
RotundslUE.  38.'). 
Rotundua,  383. 
RouKh,  46.  SM. 
Rough  iali,  396. 


Rubdliu,  407. 
Rubeiu,407, 
Ruber,  407. 

Kubcucn^  407. 
Hubicundus,  407. 
Rulriginosus,  407. 


Riifnc 


*,  405. 


Runii,405. 
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Rugose,  394. 
Ruminated,  '211.  894. 
Runcinate,  385. 
Ruptinerviusy  109.  409. 
Rutllansy  407. 
Rutilus,  407. 

Soddle-shaped,  381. 
Sagittatus,  384. 
Salyer-abaped,  379. 
Sanguineus,  407. 
Sausage-shaped,  381. 
Sawed,  388. 
Scaber,  396. 
Scabridus,  396. 
Scabrous,  51. 
Scaly,  397.  420. 
Scarious,  399. 
Scarred,  395. 
Schistaceus,  404. 
Scimitar-shaped,  376. 
Scrc^iculatus,  394. 
Scrotiformis,  380. 
Scutatus,  375. 
Scutelliform,  380. 
Scutiformis,  375. 
Secundatus,  47. 
Secundus,  414.  420. 
Sellaeformis,  381. 
Semi-ampleza,  411. 
Serai-amplexicaulis,  416. 
Semilunatus,  384. 
Semireticulatus,  394. 
Semiteres,  375. 
Sepalous,  138. 
Septatus,  394. 
Septicidal,  188. 
Septifragal,  189. 
Serialis,  420. 
Sericeus,  46.  397. 
Serratua,  388. 
Sesqui,  401. 
Sesquipedalis,  40 1 . 
Sessile,  416. 
Setiger,  386. 
Setoaus,  46.  386. 
Shaggy,  396. 
Sharp-pointed,  386. 
Sheathing,  116.  417. 
Shield^haped,  375. 
Shining,  398. 
Sigmoid,  S17. 
Silky,  46.  997. 
Silvery,  404. 
Simple,  104. 

(leaf),  390. 

Simplicisflimus,  390. 
Sinuate,  388. 
Sinuolatui,  388. 
Slashed,  115.  389. 


Slimy,  398. 

Smanigdinus,  406. 

Smooth,  398. 

Snow-white,  404. 

Solitary,  42. 

Solutus,  417. 

Spadiceus,  405. 

S^luericus,  373. 

Spheroidal,  375. 

Spatulate,  383. 

Sparsus,  419. 

Spiculate,  396. 

Spindle-shaped,  375. 

Spiny,  395. 

Spiral,  347.  414.  420. 

Spiraliter  contortus,  412. 

Spithamsus,  401. 

Splendens,  398. 

Siplit,  389. 

Spodo,  404. 

Spongy,  399. 

Spotted,  408. 

Spreading,  415. 

Squamosus,  49.  397.  420. 
Squarrose,  420. 
Squarrose-slashed,  389. 

Squarroso-laciniatus,  389. 

Storry,  46. 

Starved,  420. 

Stellate,  46.  393.  418. 

Stelliformis,  418. 
Stellulatus,  418. 
Stemclasping,  416. 
Stimulans,  46. 
Stinging,  897. 
Stipitatus,  417. 
Straggling,  415. 
Straight,  412. 
Straight-ribbed,  409. 

veined,  109. 

Stramineus,  405. 
Strapshaped,  382. 
Striated,  395. 
Strictus,  412. 
Strigose,  49.  397. 
Striped,  408. 
StrcMnbuliformis,  S74. 
Strombus-shaped,  374. 
Stupose,  148. 
Sub,  423. 
Submersed,  413. 
Subramosus,  392. 
Suberosus,  399. 
Subrotundus,  383. 
Subulatus,  383. 
Sucdsus,  387. 
Succulent,  103.  399. 
Sulcatus,  395. 
Sulphureus,  405. 
Superior  (calyx),  138. 
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Supenrolule,  411. 
Suprft-axilUiry,  89. 
Supradecompound,  391. 
Sutural,  189. 
Swimming,  412. 
Sword-shaped,  383. 
Sychnocarpous,  402. 
Synantbous,  402. 
Syncarpous,  168. 

TaenianuSy  381. 
Tail-pointed,  386. 
Tall,  400. 
Taper,  375. 
Taper-pointed,  886. 
Tapering,  385. 
Tap-rooted,  87. 
Tapeworm-fthaped,  381. 
Tartareous,  400. 
Tear-shaped,  374. 
Tephro,  404. 
Teres,  375. 
Terete,  375. 
Tergeminate,  392. 
Terminal,  417. 
Temate,  391.  419. 
Temato-pinnatus,  392. 
Testaceus,  406. 
Tessellated,  408. 
Testiculatus,  378. 
Tetradynamous,  147. 
Tetrandrous,  147. 
Thalassicus,  406. 
Thallodes,  231. 
Thick,  399. 
Threadshaped,  377. 
Threccomered,  376. 
Three-edged,  376. 
Three-ribbed,  1 10.  409. 
Thrice  digitato-pinnate,  392. 
Tomentose,  46.  396. 
Tongue-shaped,  376. 
Toothed,  388. 
Top-shaped,  374. 
Tom,  389. 
Torsivus,  412. 
Tortuous,  414. 
Toroloze,  47.  377. 
Trapeziform,  384. 
Tree-like,  393. 
Triadelphous,  146. 
Triandrous,  147. 
Triangular,  376.  384. 
Tricomia,  377. 
Tricostetus,  110. 
Tridentotus,  387. 
Tridigitato-pinnatus,  392. 
Triduus,  403. 
Trifariam,  420. 
TriBdus,  114.  389. 


TrifoUolate,  391. 
Trigonus,  376. 
Trijugus,  392. 
Trilobus,  389. 
Trimestris,  403. 
Trinenris,  lia  409. 
Tripartitus,  389. 
Tripinnate,  392. 
Triple-ribbed,  93.  409. 
Triplinerrius,  110.  409. 
Triplo,  401. 
Triqueter,  376. 
Tritemate,  392. 
Trochlearis,  380. 
Trumpet-shaped,  377. 
Truncate,  387. 
Tubaeformis,  377. 
Tubatus,  377. 
Tuberded,  396. 
Tubular,  373. 
Tunicated,  60. 
Turbinate,  374. 
Turgid,  381. 
Turnip-shaped,  87.  374. 
Twin,  393.421. 

digitato-pinnate,  39 1 

Twining,  414. 
Twisted,  413. 
Two-edged,  376. 

Ulnaris,  401. 
Umbilicate,  416. 
Umbonatus,  375. 
Umbraculiformis,  381. 
Umbrella^aped,  381. 
Umbrinus,  405. 
Unarmed,  395. 
Uncatus,  386. 
Uncertain,  415. 
Undalis,  401. 
Undnatus,  386. 
Unctuotus,  398. 
Undulatus,  385. 
Unequal,  142.  385. 
Unequal-sided,  385. 
Unguiculate,  141. 
Unicus,  421. 
Unyugatus,  392. 
Unijugus,  115.  39 It  392. 
Unilateralis,  420. 
Uninervis,  409. 
Urceolatus,  379. 
Urens,  397. 
Utricular,  5. 

Vaginans,  417. 
Vaginenris,  111.  410. 
Vagus,  218.  415. 
Valvaris,  4 1 2. 
Valvate,  412. 
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Variegatus,  408. 
Vascularis,  381. 
Vaie-shaped,  381. 
Vasiforme,  15. 
Veinless,  108. 
Velutinus,  46,  396. 
Velvety,  396. 
Venosus,  410. 
Ventricosus,  382. 
Venuloso-hinoideuB,  109.  410. 
Venuloso-nervosus,  109. 
Vermicularis,  377. 
Venniculatus,  407. 
Verrucosus,  396. 
Versatile,  417. 
Vertebrate,  391. 
Verticalifi,  413. 
Verticillatus,  419. 
Vesicular,  5. 
Vexillary,  412. 
Virens,  406. 
Virescens,  406. 
Virgate,  55, 
Viridis,  406. 
Villosus,  46. 
Vimineous,  47. 
Violaceus,  407. 
Viscid,  397. 


Virideicens,  406. 
Viridulus,  406. 
Vitellinus,  406. 
Vittatus,  408. 
Volubilis,  414. 

Wavy,  885. 
Waxy,  399. 
Wedge-shaped,  383. 
Wheel-ahai^  379. 
Whip-ahapied,  377. 
White,  404. 
Whitened,  398.  404. 
Whitish,  404. 
Whorled,  419. 
Winged,  378. 
Withering,  403. 
Woody,  17.  399. 
Woolly,  396. 
Worm-shaped,  377. 
Wrinkled,  411. 

Xantho,  405. 
Xerampelinus,  407. 

Yearly,  403. 

Zoned,  409. 


THE    END. 


Txnroow : 
Printed  by  A.  SNrmwuoDB, 
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and  the  Condition  of  its  Inhahitants. 

By  Samuel  Laino,  Esq. 
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A  VIEW  of  the  REIGN  of  JAMES  11. 

From  his  Accession  to  the  Knterprise  of  the  Prince  of  Ortnge. 

By  the  late  Right  Hon.  Sir  James  IdACKiNTOiH. 

In  4to.  with  a  Portrait,  SU.  6d. 


It 
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tjTceUent  use  hoM  been  made.     The  accuracjf  of  the  narraiitfe  ia  deterring  of  high  admirmtiim.** 

EoiNBUROH  Review. 

Also,  the  above,  completed  to  the  SETTLEMENT  of  the  CROWN,  by  the  Editoe. 

To  which  is  prefixed, 

A  Notice  of  the  Life,  Writings,  and  Speeches  of  Sir  James  Mackintosh. 

4to.  31.  Ss. 


LIFE    and    TIMES    of    WILLIAM    IIL 

King  of  England,  and  Stadtholder  of  Holland. 

By  the  Rt.  Hon.  Lord  Duncannon,  M.  P.  F.A.S.  &c. 

2  vols.  8vo.  with  Portrait,  &c.  price  Ms. 


LIFE  of  FREDERIC  the  SECOND,  KING  of  PRUSSIA. 

By  Lord  Dover. 

2  vols.  8vo.  with  Portrait,  Second  Edition,  988. 

"  A  moat  delightful  and  comprehenrive  work.—Jydiciotu  in  aelection,  inUiligeni  in  arrangt- 
mentf  and  graceful  in  ttj/le,"—LiTKKAKY  Gazette. 


MEMOIRS    of   SIR   WILLIAM    TEMPLE. 

By  the  Right  Hon.  Thomas  Perbori.nb  Ck>UETENAY. 
2  vols.  Svo.  with  Portrait,  288. 


LIFE    of   SIR    HUMPHRY   DAVY,    Bart. 

By  his  Brother,  Dr.  John  Davy. 
2  vols.  8vo.  with  Portrait,  28s. 


LIFE  of  EDWARD  the  BLACK  PRINCE. 

By  G.  P.  R.  James,  Esq.  Author  of  "  Attila,"  "The  Gipsy,'*  &c  &c. 

2  vols.  Svo.  Sis.  6d. 


HISTORY  of  ENGLAND, 

From  the  earliest  Period  to  the  Death  of  Elizabeth. 
By  Sharox  Turner,  Esq.  F.  A.S.  R.A.S.L.    12  vols.  8vo.  81.8s.  bds. 
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TiiR  Anglo-Saxons  ;  comprising  the 
History  of  England  from  the  earliest 
Period  to  the  Nunnan  Conquest.  S  vols. 
Svo.  5th  Edit.  21.  Ss.  bds. 

TiiE  Middle  Ages  ;  comprising  the 
Reigns  fh>m  William  the  Conqueror  to 
the  Accession  of  Henr>'  VIII.  and  also 
the  HisTuRY  of  the  Literatwre,  Poe- 
try, Religion,  the  Prourbss  to  the 
Reformation,  and  of  the  Language 
of  Enola nd  durinff  that  Period.  5  vols. 
8vo.  3d  Edition,  31.  bds. 
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Reign  of  Urnrv  VIII. ;  coinpris- 
jn«:  the  Political  History  of  the  Oom- 
nicncement  of  the  English  Reformation ; 
lieiuM'  the  First  Part  of  the  Modem 
History  of  England.  2  vola.  Svo.  3d  Edit. 
26b.  bd8. 

Rp.iGNs  OF  Edward  VI.,  Mary,  and 
Elizabeth  ;  being  the  second  part  of  the 
Modern  History  of  England.  2vola.  8vo. 
2d  Edit.  32s.  bds. 


GIBBON'S  HISTORY  of  the  ROMAN  EMPIRE : 


For  the  Use  of  Families  and  Young  Fersona. 
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By  Thomas  Bowdlxr,  Esq.  F.R.S.  &c. 
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MEMOIRS  of  JOHN  DUKE  of  MARLBOROUGH  5 

With  his  Original  Correspondence. 
By  the  Rev.  Archdeacon  Coxe.    6  yoIs.  8vo.  with  an  Atlas,  5L  59. 

By  the  same  Author, 
Memoirs  of  the  Kings  of  Spain  from  |  History  of   the  House    of    Austria. 


1700  to  1788.    Svols.  8vo.     31.  bds. 


5  vols.  8vo.  31.  13s.  6d.  bds. 


HISTORY  of  THUCYDIDES ; 

Newly  transUted  into  English,  and  iUustrated  with  very  copious  Annotations,  8cc. 
By  the  Rev.  S.  T.  Bloomfibld,  D.D.  &c.  Editor  of  the  Greek  Testament. 

3  vols.  8vo.  with  Maps,  21. 5s.  bds. 

"  A  vertUm  a$  literal  and  at  penpicuout  a*  eruditum  and  induttry  combined  can  render  it." 

EcLBCTic  Review. 

MEMOIRS  of  the  COURT  and  CHARACTER  of  CHARLES  I. 

By  Lucy  Aikin. 
3  vols.  8vo.  with  Portrait,  3d  Edition,  98s.  bds. 

"  Misa  Aikin*g  present  work,  and  her  previous  Memoirs  of  the  Courts  of  Elizabeth  and  of 
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By  the  same  Authoress, 
Memoirs  of  the  Court  of  Queen  Elizabeth.     6th  Edit.    2  vols.  258. 
Memoirs  of  the  Court  of  King  James  I.  2  vols.  .3d  EditioD,  24s. 


QUESTIONS  on  the  HISTORY  of  EUROPE : 

A  Sequel  to  Manonall's  Historical  Questions  ; 

Comprising  Questions  on  the  History  of  the  Nations  of  Continental  Europe  not 

comprehended  in  that  work. 

By  Julia  Corner.    13mo.  5s.  bound  and  lettered. 

"  This  tfolume  has  evidently  been  drawn  up  with  great  care,  and  will  afford  most  valuable 
assistance  in  the  business  qf  education.  It  embodies  the  leading  facts  in  the  histories  of 
France.  Spain,  Portugal,  Germany,  Poland,  and  Italy.  Both  in  schools  and  private  families 
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<um."— Methodist  Magazine. 


THE  YOUNG  SCHOLARS  LATIN-ENGLISH  DICTIONARY, 

Being  an  Abridgment  of  the 

Rev.  J.  E.  Riddle's  Complete  Latin-Enolish  Dictionary. 

Square  13mo.  price  7s.  bound  and  lettered. 

"  Extremely  well  done  for  the  use  of  learners,  to  whom  the  larger  work  will  be  of  more 
service  when  they  arefmrtker  advanced^* — Lit.  Gaz. 

**  In  most  cases  he  gives  the  etymtology  of  the  words,  whether  they  are  derived  from  the 
Greek  or  a  Latin  root ;  so  that  the  student  who  chooses  may  not  only  acquire  an  exact  idea  of 
the  translation  qf  every  word,  but  gain  a  key  to  its  universal  interpretation,  by  imprinting  its 
derivation  on  his  miiMf.**— Spectator. 

**  The  best  abridged  Dictionary  qfthe  kind  we  have  met  wf/A.**— Bxetbr  Gazette. 

By  the  same  Author, 

THE  COMPLETE  LATIN-ENGLISH  DICTIONARY, 
Compiled  from  best  sources,  chiefly  German,  uid  adapted  to  use  of  CoU^^  and  Schools. 

8vo.  price  31s.  cloth  boards. 

**  An  admirable  Dictionary,  and  prondaes  more  help  to  the  Latin  indent  than  any  thing 
hitherto  tiered  him  in  this  coMn<iy.'*— Evangelical  Magazine. 

"  We  do  not  think  we  could  use  terms  too  high  to  express  our  entire  approbation  and  admi- 
ration  of  it.  It  is  a  vast  improvement  in  its  class,  and  does  iti/inite  credit  to  the  talents  and 
learning  of  Mr.  Riddte.^—hlt.  GAZETTE. 
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G  NEW  WORKS  AND  NEW  EDITIONS 
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POBTRY,    BTO. 


THOMAS  MOORE'S  WORKS. 


Lalla  Rookii.  An  Oricntiil  Romance. 
Sew  Etlit.  with  4  Kncravinfl:?,  from  Paint- 
inpi  liy  K.  Wrntall«  K.A.  Foip.  8vo. 
108.6(1.  biU.  Deuiy  8vo.  without  pits.  14fl. 


The  Epicurean.   A  Tale.    Fcp.  8ro. 

5th  Edit.  98.  bds. 

The  Loves  of  the  Angels.    .5th  Edit 
8vo.  99.    Wbstall's  Uluatrmtions,  5s. 


JAMES  MONTGOMERY'S  POETICAL  WORKS. 

A  complete  collertwl  Edition,  comprising  "  The  Wanderer  of  Switzerland,*'  "  The  West 

Indies,"   "  Worhl  before  the  Klowl,*'  "  Greenland,'*  "  Pelican  Island," 

**  Songs  of  Zion,"  "  Poet*s  lV>rtfolio,'*  and  all  his  smaller  Poems. 

3  vols,  small  8vo.  I8a. 


fa:mily  shakspeare; 

In  which  nothing:  is  added  to  the  Oriinnal  Text; 
But  those  Words  and  Expressions  are  omittefl,  which  cannot  with  propriety  be  read 

aloud  in  a  Family. 

By  T.  BowDLKR,  Esiq.  F.R.8. 

New  Edition.    In  One  lar^c  Vohmie  8vo.  with  36  lUnstrations  after  Bmirlce,  Howard,  frc. 

30s.  cloth  ;  with  griit  edges,  3Is.  6d. 

The  same  work,  in  large  tyi>e,  without  Illustrations,  in  8  vols.  Sro.  41. 14s.  6d.  bds. 


REMAINS  of  HENRY  KIRKE  WHITE, 

Selected,  with  prefatory  Remarks,  by  Robkrt  South  by,  E^ 

The  only  complete  Editions,    a  vols.  8vo.  34s. ;  and  I  vol.  24mo.  with  eni^rayed  Title 

and  Vignette,  5s. 

N.B.  The  property  of  the  Family  having  I>cen  invaded,  it  is  necessary  to  state  that  these 
are  the  only  Editions  which  contain  the  Life  by  Mr.  Southey,  and  the  whole  of  the  con- 
tents of  the  Tliird  Volume. 


SELECT  WORKS  of  the  BRITISH  POETS. 

From  JONSON  to  BEATTIE.    With  Biographical  and  Critical  Preflures. 

By  Dr.  Aikin. 
1  vol.  8vo.  I8s.  in  cloth ;  or  neatly  done  up,  gilt  edges,  90s. 


SELECT  WORKS  of  the  BRITISH  POETS, 

From  CHAUCER  to  WITHERS.    With  Biographical  Sketches. 

By  RoBRRT  Southey,  LL.1). 

1  vol.  8vo.  uniform  with  "  Aikin *s  Poets,"  30s.  in  cloth ;  or  with  gilt  edges,  U.  lis.  6d. 


THE  MORAL  of  FLOWERS. 

With  24  beautifully  coloured  Plates,  royal  8vo.  3d  Edition,  aOs.  hf.-bd. 
"  Full  of  ejTtjuuite  poetrp."—hLKCKWOOD*8  MAGAIIlfl. 

By  the  same  Author, 

Tlie  Spirit  of  the  Woods. 
I  vol.  royal  8vo.  with  26  beautifully-coloured  Engravings,  price  S6s.  half-boaiid. 

"  The  tint  etefrant  rotumn  vith  which  Mn,  WilHiim  Hep  hat  fttmurtd  ike  pmMc 
fitted  to  Ivnd  grace  and  ornament  to  thai  which  it  tolid  amd  iuk/h/.*'— Mbd  Oas. 


JOANNA  BAILLIES  POEMS,  &c. 

New  Dramas,  3  vols.  Syo.  36s. 

A  Series  of  Plays, 
In  which  it  Is  attempted  to  delineate  the  stronger  Passions  of  the  Mind. 

3  vols.  8vo.  11.  lis.  6d. 

Misrcllaneous  Plays,  8vo.  9b. — Metrical  Legends,  8n>.  14i. 
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LATELY  rUfiUSHED  BY  LONGMAN  AND  CO. 
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NATUftAIi    PHILOSOPHY,    ARTS,    MANUFAOTURaS,    BTO. 


^ 


DR.  ARNOTTS 


ELEMENTS  of  PHYSICS,  or  NATURAL  PHILOSOPHY  5 

Written  for  uniYerBAl  use,  in  plain  or  non-tecbnical  language. 
8vo.  5th  Edition,  enlarged. 

Vol.  I.  (price  2l8.)  has  Treatises  on  Mechanics,  Hydrostatics  (with  an  account  of  the 
Floating  Bbd,  lately  contrived  by  Dr.  Amott  for  the  relief  of  the  bed-ridden),  Pneuma- 
tics, Acoustics^  Animal  Mechanics,  &c. ;  Vol.  II.  Part  1  (price  10s.  6d.)  on  Heat,  Optics, 
tic. ;  and  Vol.  II.  Part  3 (to  complete  the  work)  on  Electricity,  Magnetism,  and  Astronomy. 

'*  A  m$efMi  amd  etceUaU  vorlr.^^SiR  John  Hkrschbl. 

By  the  same  Author, 

Od  Warming  and  VentilatiDg : 

With  Directions  for  making  and  using  the  Thermometer  StoT^  or  Self-regulating  Fire, 

and  other  New  Apparatus.    8vo.  5s.  cl  tn. 


TREATISE  on  the  STEAM  ENGINE  j 

Historical,  Practical,  and  Descriptive. 

By  John  Farby,  Engineer. 

4to.  illustrated  by  numerous  Woodcuts,  and  25  Copperplates,  engraved  by  Wilson  Lowry> 

from  Drawings  by  Messrs.  Farey. 

61. 5s.  bds.— Vol.  II.  is  in  thb  Prbss. 


PHILOSOPHICAL  CONVERSATIONS  j 

In  which  the  (Causes  of  daily-occurring  Phenomena  are  ftimiliarly  explained. 
By  F.  C.  Bakbwbll.    1  voL  12mo.  5s.  6d. 


CONVERSATIONS  jn  NATURAL  PHILOSOPHY. 

By  Jane  Marcbt. 

7th  Edition,  10s.  6d.  bds.    With  23  Engravings  by  Lowry. 

By  the  same  Author, 

Conrersations  on  Chemistry, 

In  which  the  Elements  of  that  Science  are  fluniliarly  explained  and  illustrated  by 
Experiments ;  with  a  Conversation  on  the  Steam  Engine. 

2  vols.  12mo.  12th  Edition,  with  Plates  by  Lowry,  I4s.  bds. 


OONGHOLOGY. 


MANUAL  of  the  LAND  and  FRESH-WATER  SHELLS 

OF  THE  BRITISH  ISLANDS. 

By  W.  TuRTON,  M.D. 
Foolscap  8vo.,  150  coloured  Figures,  10s.  6d. 


INTRODUCTION  to  LAMARCK'S  CONCHOLOGY. 

By  E.  A.  Crouch,  F.L.S. 
4to.  22  Plates,  Sis.  6d.  plain ;  3L  3s.  coloured. 


AN  EPITOME  of  LAMARCK'S  TESTACEA. 

By  C.  Dubois,  F.L.S.  and  F.H.S.    8vo.  14s. 

LINNiEAN  SYSTEM  of  CONCHOLOGY. 

By  J.  Maws.   8vo.  Thirty-seven  Plates,  21s.  plain ;  31. 12s.  6d.  coloured. 
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8  NEW  WORKS  AND  NEW  EDITIONS 
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By  SIR  JAMES  EDWARD  SMITH,  M.D.  FJt.S. 

Lat9  Prtiident  ofth*  Lmiutan  Jbeicty,  4*. 

THE  ENGUSH  FLORA. 

New  Edition,  in  4  Tolt.  8to.,  containing  the  Flowbeing  PijkiiTt  and  the  Fbkm s,  91. 8k 

VoL  V.  Fart  1. 19B.-CmTPTooAif  lA :  comprising  the  Moaaes,  HepaticK,  UshtenM, 

Chances,  and  Al^ 

By  Sir  W.  J.  Hookbr,  LL.D.  F.R.A.  and  L.S.,  Ace  ftc 

VoL  V.  Fart  3— The  Fvnoi— completing  the  work,  by  Sir  W.  J.  Hookxb, 
and  the  Rev.  M.  J.  Bbekblbt,  F.L.S.,  lEc   Sro.  lla. 

Compendinm  of  the  Engliah  Flora. 

Second  Edition,  with  Additions  and  Corrections.    By  Sir  W.  J.  Hookbb,  IiT>.D.,  ftc 

ISmo.  7s.  fid. 

The  same  in  Latin.    5th  Edition,  12mo.  7s.  (>d. 


INTRODUCTION  to  the 
STUDY  of  PHYSIOLOGICAL  and  SYSTEMATICAL  BOTANY. 

New  Edition,  with  ninstrations  of  the  Natural  Orders  (combining  the  obiect 
of  Sir  J.  Smith's  «  Grammar"  with  that  of  his  *<  Introdnctwn.") 

By  Sir  W.  J.  Hooker,  LL.D.  &c.    8vo.  86  Flates,  16s.  cloth. 


By  SIR  WILLIAM  JACKSON  HOOKER,  KJS.  LLJ). 

Regiut  Frofeaor  cf  Botany  in  the  Univerrity  of  Glaigow,  ^. 

THE  BRITISH  *IX)RA5 

Comprisini:  the  FLOWERING  PLANTS,  and  the  FERNS. 

8T0.  ad  Edition,  19b. 

VoL  II.  Fart  1  of  the  abore  (Cetptooamia)  8to.  19b. 

VoL  II.  Fart  9  (FuNoi)  completin|f  the  work,  by  Sir  W.  J.  Hookxb,  and  the 

Rer.  M.  J.  Bbekblbt.   8to.  19s. 


MUSCOLOGIA  BRTTANNICA. 

Containing  the  Mosses  of  Great  Britain  and  Ireland,  systematicaDy  arnuuwd  and 

described ;  with  Flates. 

By  Sir  W.  J.  Hookbe,  LL.D.  F.L.S.  ftc  and  T.  Tatloe,  M.D.  V.LA,  ftc. 

Syo.  9d  Edit,  enlaiiged,  31s.  6d.  pbin ;  31. 8s.  coloured. 


ICONES  PLANTARUM ; 

Or,  FIGURES,  with  brief  Descriptive  Characters  and  Remarks,  of  NEW  or  i^ah» 

FLANTS,  selected  tnm  the  Author's  Herbariom. 

9  Tols.  8to.  with  900  Flates,  price  91. 16s.  cloth  lettered. 


ELEMENTS  of  PRACTICAL  AGRICULTURE ; 

Comprehendini^  the  ColtiTStion  of  Flants ;  the  Husbandry  of  Domestic  Atiinria^j  • 

and  the  Economy  of  the  FErm. 

By  David  Low,  Esq.  F.R.S.E.  Frofessor  of  Agriculture  in  the  University  at  Sdiabufk. 

1  voL  8vo.  9d  edit,  with  Alterations  and  Additions,  18s.  cloth  lettered. 

"  Ought  to  be  in  mer$/armer'9  Aomb.'*— New  Faembe's  Jouenal,  Dec.  4, 1887. 

ELEMENTS  of  AGRICULTURAL  CHEMISTRY. 

By  Sir  HuMPHET  Davt,  Bart.  LL.D.  F.R.8.  Ace 
Mh  EdilioB,  with  NfCes  by  his  Brother,  Dr.  John  Davy,  am.  lis. 


LATELY  PUBLISHED  BY  LONGMAN  AND  CO.  9 

9  9 

BOTANY,  GARDENING,  kc-^Continued. 


By  J.  C.  LOUDON,  F.L.S.  ^c.  ^c. 
ENCYCLOPAEDIA  of  PLANTS. 

CompriRin^  the  Description,  Specific  Character,  Culture,  Histoir,  Application  in 

the  Arts,  and  every  other  desirable  particular  respecting  all  the  Plants 

Indigenous  to,  Cultivated  in,  or  Introduced  into  Britain. 

With  nearly  Ten  Thousand  Engravings  on  Wood.  Second  Edit,  corrected,  1  large  voL  8vo. 

8L  ISs.  6d.  bds. 

**  The  mo§t  luefitt  and  popular  boianieal  work  that  hag  ever  t^earod  In  A«  EnglUh 
lanfM4ftf«"— Jamison's  Phil.  Journal. 


HORTUS  BRITANNICUS : 

A  Catalogue  of  all  the  Plants  Indigenous  to,  Cultivated  in,  or  Introduced  into  Britain. 

Put  I.— The  linnsan  Arrangement,  in  which  nearly  Thirty  Tliousand  Species  are 
enumerated,  ftc. :  precnled  by  an  Introduction  to  the  Linngan  System. 

Part  II.— The  Jussieuean  Arrangement  of  nearly  Four  Thousand  Genera ;  with  an 
Introduction  to  the  Natunl  System,  and  a  Description  of  each  Order. 

8vo.  338. 6d.  in  doth. 


AN  ENCYCLOPiEDLA  of  GARDENING  j 

Comprising  the  Theory  and  Practice  of  Horticulture,  Floriculture,  Arboriculture, 

and  Landscape  Gardening : 

Including  all  the  latest  Improvements ;  a  General  History  of  Gardening  in  aU  Countries ; 

and  a  Statistical  View  of  its  Present  State, 

With  Suggestions  for  its  Future  Progress  in  the  British  Isles. 

New  Edition,  greatly  enlarged  and  improved,  with  neariy  1000  Engravings  on  Wood, 

1  vol.  8vo.  2L  10s. 


ENCYCLOPiEDLA  of  AGRICULTURE ; 

Comprising  the  Theory  and  Practice  of  the  Valuation,  Transfer,  Laying  out, 
improvement,  and  Management  of  Landed  Property ; 

And  the  Cultivation  and  Economy  of  the  Animal  and  Vegetable  Productions  of 
Agriculture,  including  the  latest  Improvements ; 

A  Genera]  History  of  Agriculture  in  all  Countries ; 

And  a  Statistical  View  of  its  Present  State, 

With  Suggestions  for  its  Future  Progress  in  the  British  Islet. 

With  nearly  Thirteen  Hundred  EngraTingi  on  Wood.    1  large  voL  8vo. 

8d  Edition,  with  a  SUPPLEMENT,  containing  aU  the  recent  Improvements,  91. 10s.  bds. ; 

S*  The  Supplement  may  bt  had  separately,  price  Ss. 


ARBORETUM  et  FRUTICETUM  BRITANNICUMj 

Or  the  Hardy  Trees  of  Great  Britain,  Native  and  Foreign.  Pictorially  and  Botanically 
delineated,  and  Scientifically  and  Popularly  described. 

Nos.  1  to  45,  price  9b.  6d.  each.   To  be  completed  in  6  thick  8vo.  vols. 


THE  CULTIVATION  OF  THE  VINE  ON  OPEN  WALLS. 

By  Clbmxnt  Hoars. 

8vo.  new  edition,  with  Additions.    Price  7s.  6d.  in  cloth. 

*'  Mr,  Hoart  hat  ihrawn  wtoro  Ughi  on  ihenMeet  t^fvine  euliure  than  anif  Britltk  gmrdener 
who  ha»  wriiteH  on  the  «it^ecl."--LouDON's  Oardknkr's  Magazine. 

"One  of  the  beet  proimeHom  mpon  ana  hortieulhtrai  tubjeet  which  hae  hetn  pabHehed  far 
some  jrrart."— Athbnaum  . 
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10  NEW  WORKS  AND  NEW  EDITIONS 


BOTANY,  GARDENING,  &c. 


By  JOHNLINDLEY.  Ph.  D.  FJi.S.  L.8.  ^c. 

Prnf'esstir  of  Botany  in  the  London  University  College  and  in  the  Royal  InstUution, 

INTRODUCTION  to  BOTANY. 

Second  Edition,  with  Corrections  and  considerable  Additions. 
1  large  voL  8vo.  with  numerous  Plates  and  Woodcuts,  18s.  cloth. 

*'  We  hare  no  hemtatiim  in  pronounctng  the  InirodvrHon  to  Bottnuf.  Ay  Dr.  lAndleff  to  be 
the  mo$t  mtuable  and  perfect  in  any  language  we  are  acquainted  with.  — Med.  Gaz. 

"  The  mo*l  raluable  work  of  the  kind  m  our  language.** — Barr.  AND  FoB.  Mbd.  Rbv. 


A  NATURAL  SYSTEM  of  BOTANY : 

Or,  a  Systematic  View  of  the  Orj^nizatinn,  Natural  Affinities,  and  Geofo^phical 

Distribution  of  the  whole  Vef^uble  Kin^rdom^  to^rether  with  the  Uses  of 

the  most  important  rtpecies  in  Mcdicme,  the  Arts,  &c. 

%i  Edition,  with  numerous  A<lditions  and  Ck>rroctions,  and  a  complete  List  of  Genera, 

with  their  S^-non^-uut.    1  vol.  8vo.  18«.  cloth. 


SYNOPSIS  of  the  BRITISH  FLORA, 

Arranged  according  to  the  Natural  Orders. 
2d  Edit,  with  numerous  Additions,  Corrections,  and  Improvements.    13mo.  10s.  6d.  bds* 


A  KEY  to 

STRUCTURAL,  PHYSIOLOGICAL,  &  SYSTEMATIC  BOTANY, 

For  the  use  of  Classes.    8>'o.  4s.  6d. 


FIRST  PRINCIPLES  of  HORTICULTURE.     28'.  sd. 


GUIDE  to  the  ORCHARD  and  KITCHEN  GARDEN  j 

By  G.  LiNDLBY,  C.M.H.S.    Edited  by  J.  Li.vdlky,  Fh.  D.  F.R.S.  &c. 

1  large  volume,  8vo.  168.  bds. 


THE  NEW  BOTANIST'S  GUIDE  to  the 
LOCALITIES  of  the  RARER  PLANTS  of  GREAT  BRITAIN. 

By  Hbwett  Cottrbll  Watson,  F.L.S.  3  vols.  ISmo.  16b.  6d. 

Vol.  I.  contains  Enfi^land  and  Wales,  lOs.  6d. 

VoL  IL  contains  Scotland  and  the  adjacent  isles,  with  a  oopioua  Supplbmbxt  to 

En^^Iana  and  Wales,  6s. 

By  the  same  Author, 

Remarks  on  the  Geographical  Distribution  of  British  Plants.    12iuo.  (m.  6d. 


FIRST    STEPS    to    BOTANY. 

By  J.  L.  Drummond,  M.D. 
12mo.    100  Woodcuts.    Sd  Edition,  9s. 


CONVERSATIONS  on  BOTANY. 

with  93  Engravings.    l3mo.    8th  Edition,  enlarged,  78.  6d.  plain ;  13s.  ndoored. 


CONVERSATIONS  on  VEGETABLE  PHYSIOLOGY; 

Comprehending  the  Elements  of  Botany,  with  their  Application  to  AgricoltnrSb 

By  Janb  Mabcbt.    3  vols.  13mo.  with  Plates,  3d  Edition,  18s.  |l 
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LATELY  PUBLISHED  BY  LONGMAN  AND  CO. 
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RBUGZON,    THBOIaOGY,    ETa 


COLLEGE  AND  SCHOOL  GREEK  TESTAMENT, 

WITH   ENGLISH   NOTES. 

1  voL  12ino.  price  13s.  cloth  lettered. 
By  the  Rev.  8.  T.  Bloomfikld,  D.D.  F.S.A.  of  Sidney  College,  Cambridge ; 

Vicar  of  Bisbrooke,  Rutland. 

**  Dr.  Bloomfield^i  New  Tattament  for  the  use  of  achooU  is  an  inwUuable  tcork.  It  is  also 
entitled  to  the  distinction  ofbeinff  reffarded  as  eui  originnl  production,  the  notes  and  critical 
apparatus  bring  in  general  constructed  with  great  la^mrfor  the  present  edition.  It  is  impos- 
sible  to  say  haw  far  the  public  are  indebted  to  Dr.  Bloon^fieidfnr  these  labours  of  his  industrious 
pen :  thejf  wilt  earrf  down  his  name  with  honour  to  posterity." —l&VAHQKLiCAh  Magazine. 

By  the  same  Editor, 

THE  GREEK  TESTAMENT, 

With  English  Notes,  Critical,  Philotogical,  and  Exegetical,  partly  selected  and  arranged 

from  the  best  Commentators,  Ancient  and  Modem,  but  chiefly  OriginaL 

Second  Edition,  considerably  improved,  in  2  thick  vols.  8vo.  price  £2. 


GREEK  and  ENGLISH  LEXICON  of  the  NEW  TESTAMENT, 

By  E.  Robinson,  D.D.  Prof.  Biblical  Lit.  Theol.  Seminary,  New  York. 

Edited,  with  carefid  revision,  corrections,  &c.  &c. 
By  the  Rev.  S.  T.  Boom  field,  D.D.  F.S.A. 

1  VOL  8vo.  price  38s.  in  cloth  lettered. 

**  We  hesitate  not  to  t^Srm,  that  Dr.  RobinsonU  Greek  and  English  Lexicon  to  the  New 
Tentamentf  as  edited  bu  Dr.  Bloon^fieldt  is  the  best  that  has  hitherto  been  published  in  this 
ccru/i/ry."— Baptist  Mao. 

THE  SUNDAY  LIBRARY ; 

A  Selection  of  Sermons  from  Eminent  Divines  of  the  Church  of  England,  chiefly 

within  the  last  Half  Century. 

With  Notes,  &c.  by  the  Rev.  T.  F.  Dibdin,  D.D. 

Complete  in  6  vols,  small  8vo.  with  6  Portraits  of  Distinguished  Prelates,  SOs.  cloth. 

"  A  little  library  for  a  churchman,  and  a  treasure/or  the  pious  among  the  laity.** 

Literary  Gaz. 

THE  SACRED   HISTORY   of  the   WORLD  ^ 

Philosophically  considered,  in  a  Series  of  Letters  to  a  Son. 

By  Sharon  Turner,  Esq.  F.S.A.  and  R.A.S.L.    6th  Edition,  2  vols.  8vo.  28s. 

The  Third  and  concluding  Volume  is  just  published,  price  14«. 

PRINCIPLES  of  CHRISTIAN  PHILOSOPHY  5 

Containing  the  Doctrines,  Duties,  Admonitions,  &  Consolations  of  the  Christian  Religion. 

By  John  Burns,  M.D. 
Regius  Professor  of  Surgery  in  the  University  of  Glasgow,  &c. 

12mo.  4th  Edition,  7s.  bds. 

THE  THEOLOGICAL  WORKS  of  SAMUEL  HORSLEY, 

LL.D.  F.R.S.  F.A.S.  late  Lord  Bishop  of  St.  Aaaph. 

In  8  vols.  8vo.  4L  Is.  bds. 

The  Sermons,  18s. ;  Biblical  Criticism,  21. 3s. ;  Charges,  9s. ;  Psalms,  Ite. ; 

may  be  had  separately. 

NATURAL  EVIDENCE  of  a  FUTURE  LIFE, 

Derived  firom  the  Properties  and  Actions  of  Animate  and  Inanimate  Matter. 

By  Frederick  C.  Bakewbll. 
In  1  VOL  8V0. 128. 


DISCOURSES  on  the  SOCINIAN  CONTROVERSY. 

By  Ralph  Wardlaw,  D.D.  Glasgow.     8vo.  6th  Edition,  15s.  cloth  lettered. 

By  the  same  Author, 
SERMONS.    Svo.  12s. 


ORIENTAL  CUSTOMS- 

Applied  to  the  Illustration  of  the  Sacred  Scriptures. 
By  Samuel  Burder,  A.M.  &c.    New  Edition,  12mo.  8s.  fid.  bds. 
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MOVBUi,    BOMANOBS,   WOBKS    OT   ITOTION,    BTO. 


THE  ROBBER:  A  Tam. 

By  6.  P.  R.  Jambs,  Esq.  Author  of  **  The  Gipsy,*'  Ace.  iui.—Nemrlg  readg. 

By  the  same  Author, 

ATTILA:    A  Romance. 

S  vols,  post  8to. 

*'  At  a  piehtre  of  the  humanpatriom,  at  a  great  kittorieal  romance,  'JUHia*  mmjf  nmk  teitk 

amg  that  hat  ever  been  written In  the  whole  range  of  fiction,  there  ia  noii^mg  at  all 

approximating  to  the  delineation  of  the  Hunnith  cA«<f."— Met.  Cons.  Jour. 


The  Gipsy.    3  toIb. 

Mary  of  Burgundy*    3  roll. 


Life  and  Adventures  of  John  Mart- 
ton  Hall.    S  vols. 


One  in  a  Thousand ;  or,  the  Days  of  Henri  Quatre.    3  toIs. 


MRS.  bray's  NBW  NOYBL. 

TRELAWNY  of  TRELAWNE  j  or,  the  Prophecy : 

A  Legend  of  Cornwall.    8  vols,  post  8vo.  jtfl.  lis.  6d. 

By  the  Authoress  of  "  Warleirh,"  "  Borders  of  the  Tamar  and  Tavy.»» 
"  De  Foix,"  "  The  Talba,"  &c.  &c. 

**  A  very  pleating  and  livelif  recordof  one  of  the  wtott  interetting  periodt  qfEngiish  kittmj. 
The  ttory  it  very  pleoMntljf  told^  the  dramatic  propriety  well  maintained,  and  the  moratHm 
and  political  thinking  orceUen/."— Times  Nbwspapbr. 

By  the  same  Authoress, 

WARLEIGH;   or  the  Fatal  Oak. 
3  Tohi.  post  8vo.  ^1.  lis.  6d. 

**  Every  perton  who  admiret  a  work  ofgenhu  and  tatte  will  read  thit  ftooiir.*'— Gbnt.'s  Mao. 


THE    DOCTOR,  &c.    Vol.  IV.    Post  8vo.  lOs.  6d. 

**  He  it  quite  atpleatant  at  Awr."— Literary  Oazbttb. 

"  Rich,  beyond  almott  any  other  of  the  Ome,  in  the  beat  knowledge,  a$td  the  moat  bemuti/ul 
literature.**— QVAKTKKLY  Rbtibw. 

*«*  The  Three  previous  Volumes  may  be  had,  price  Sis.  6d. 


LETTERS  from  an  ABSENT  GODFATHER  j 

Or,  a  Compendium  of  RELIGIOUS  INSTRUCTION  for  Young  Ptersons. 

By  the  Rev.  J.  E.  RinnLB,  M.A. 
Curate  of  Harrow ;  Author  of  **  First  Sundays  at  Church,"  &c.  &c. 
**  An  admirable  manual  qf  Ckrittian  dbMet ."— St.  James's  Chboniclb. 


HINTS  to  MOTHERS,  for  the  Management  of  Health. 

By  Tmos.  Bull,  M.D.  Physician-Accoucheur  to  the  Flnsbury  liidwiiiery  Institntion,  9k, 

Fcp.  8vo.  6s.  cloth  lettered. 


i 


"There  it  no  mother  that  will  not  be  heartily  thankjul  that  thit  book  eoer/eUinta  her  kmtdt; 
and  no  hutband  who  thould  not  pretent  it  to  hit  wife.  We  cmmot  urge  ita  ffolua  ton  wttmMtu 
on  all  whom  it  ooiuwnif."— Eclbctio  Rbtibw.  ^^ 


PLAIN  DIRECTIONS  for  making  WILLS 

In  conformity  with  the  New  Act,  which  came  into  operauon  on  the  ist  Januarr. 

By  J.  C.  Hudson,  of  the  Legacy  Duty  OiBoe,  London. 

Fcp.  8to.  price  Half-a-Crown,  neatly  done  up  in  cloth,  gilt  edges. 
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GEOLOGY   AND    MINBRALOGY. 


BAKEWELL'S  INTRODUCTION  to  GEOLOGY. 

New  Edition,  in  the  press. 


GEOLOGY  of  the  SOUTH-EAST  of  ENGLAND ; 

Containing  a  Comprehensive  Sketch  of  the  Geolo^  of  Sussex,  and  of  the  adjacent  parts 

of  Hampshire,  Surrey,  and  Kent ; 
With  Fig^ures  and  Descriptions  of  the  Fossils  of  the  South  Downs,  and  of  the 
Extraordinary  Fossil  Reptiles  of  Tilgate  Forest. 

By  GiOBON  Mantkll,  LL.D.  F.R.S.,  Fellow  of  the  Geological  Society,  &c.  &c. 

8to.  with  75  Plates,  coloured  Map,  and  Woodcuts,  21s. 


A  TREATISE  on  PRIMARY  GEOLOGY : 

Being  an  Examination,  both  Practical  and  Theoretical,  of  the  Older  Formations. 

By  Henry  S.  Boask,  M.D. 

Secretary  of  the  Royal  Geological  Society  of  Cornwall,  Ace. 

Second  Edition,  8vo.  with  Woodcuts,  las. 


NEW  SYSTEM  of  GEOLOGY ; 

Id  which  the  great  Revolutions  of  the  Earth  and  Animated  Nature  are 
reconciled  to  Modem  Science  and  to  Sacred  History. 

By  A.  Urb,  M.D.  F.R.S. 

8vo.  with  7  Plates,  and  51  Woodcuts,  31s. 


CONVERSATIONS  on  MINERALOGY. 

With  Plates  engpraved  by  Mr.  and  Miss  Lowry. 
Third  Edition,  enlarged,  S  vols.  12ma  price  14s.  in  cloth. 


SPORTING. 


INSTRUCTIONS  to  YOUNG  SPORTSMEN. 

By  Lieut.-Col.  P.  Hawkbr. 

7th  Edition,  enlarged,  (80  Plates  and  Cuts),  188.  cloth. 

**  Col.  Hawker  i»  one  of  the  be$t  MhoU  in  Englandf  and  hie  *  Inttructiona  to  SporUmen*  the 
very  bat  book  we  have  on  the  tuijeet."— Blackwood's  Maoazimb. 


TROUT  and  SALMON  FISHING  in  WALES. 

By  Gborgb  Agar  Hansard. 

Fcp.  8to.  6s.  6d.  cloth. 

'*  O.  A.  Hanaard^e  uee/ml  mofNMi/."— Blackwood. 

**  A  deUghtful  companion  to  the  lover*  of  the  rod  and  Kne,*' — Gbnt.'s  BIag. 

"  I/the  reader  ehould  ever  go  into  Walea,  whether  he  be  an  angler  or  not,  he  ehould  take 
thie  book ;  if  he  be  an  angler,  he  ought  to  go  for  the  *ake  of  having  euch  a  companion," 

Atlas. 

THE  GUN; 

Or,  a  Treatise  on  the  Nature,  Principle,  and  Manufacture  of  the  various  descriptions  of 

small  Fire  Arms. 

By  William  Grbbnbr.    1  voL  8to.  Plates,  16s. 

"  /  hone  no  hesitation  in  eaying  that  I  eondder  it  by  far  the  beat  work  ever  written  on  the 
mU!fecl,mnd  I  ahmUdreeommeadtke peruaai of  it  to  every  gun^makerin  the  United  Kingdom.** 

Lbttbr  prom  Colonbl  Hawkbr. 
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POLmOAXi    BCOMOKT,    COMMBKOB,    ETC. 


A  DICTIONARY, 
PRACrriCAL,  THEORETICAL,  and  HICTORICAL, 

OP 

COMMERCE    AND    COMMERCIAL    NAVIGATION. 

Illustrated  with  Maps  and  Plans. 

A  New  Edition,  coiTecte<I  and  improved,  in  1  closely  and  beaatiftiUy-printeil  Tolume, 

containinfc  upwards  of  1330  pag^es,  SOs.  bds. 

With  a  new  and  enlarg^ed  Supplkm  bxt  to  December,  1836. 

By  J.  R.  M'CuLLocH,  Esq. 

In  correcting:  this  edition,  the  author  has  been  assisted  by  valuable  infomiation  com- 
municated by  many  private  and  some  official  g;entlemen  in  different  parts  of  the  workL 
In  this  respect  he  is  under  especial  obli^tions  to  the  government  or  Prussia.  With  a 
lil)erality  of  which  there  are  certainly  few  (if  anv)  examples,  it  has  not  merely  taken  fiains 
to  supply  him  with  ample  and  authentic  details  as  to  the  Commerce,  Finances,  &c.,  f^ 
that  flourishing  kinf^dom,  but  has  authorized  him  to  make  any  use  he  pleased  of  the  in- 
formation so  communicated,  without  stipulation  or  condition  of  any  kind,  or  so  much  as 
insinuatiufc*  directly  or  indirectly,  what  might  be  agreeable  to  it. 

The  present  Supplkmext  has  been  greatly  enlarged,  and,  it  is  hoped,  materially  im- 
proved. Besides  embodying  the  princimU  articles  in  the  Supplement  issued  in  October 
1N35,  it  has,  among  others,  new  articles  on  the  following  subjects ;  viz.  Auktbiax 
Taripp;  Joint-Stock  Banks  and  Banking,  embracing  a  comjriete  list  of  and  Aill 
details  as  to  these  establishments ;  Nkw  Citstoiis  Act  for  Bengal  ;  Nkw  Coinagk  of 
Amkkica  and  India  ;  Navigation  of  the  Danube  *,  Tkadb  with  Pbussia,  Prussian 
CoMMBRCiAL  Leagub,  Taripp,  &c.  ;  Railroads;  New  Rkgulations  as  to  News- 
papers ;  Alterations  in  the  British  Taripp,  &c.  ;  with  notices  of  Ci  vita  Vkcchia, 

GaLACZ,  GUAYAttUIL,  PoRT  LaMAR,  MONTEVIDEO,  ROSTOCK,  &C. 

S*  The  Supplkmbnt  may  he  had  separately,  price  78. 6d. 


TABLES  of  INTEREST  5 

Calculate<l  at  Fivb  per  Cent,  fbr  any  sum,  advancing  by  single  pounds,  fh>m  1  to  365, 
without  the  trouble  of  adding  several  sums  together ;  thence,  oy  Hundreds  and  by 
llionsands,  to  Ten  Thousand  Pounds,  from  Onr  Day  to  Thirteen  Years.  Also, 
Tables  for  calculating  Interest  at  Four  per  Cent. ;  Commission  from  One-Eighth  to  Five 
per  Cent. ;  a  Time  l^ble,  &c.  &c. 

By  Joseph  King,  Liverpool. 

Twelfth  Edition,  a  thick  vol.  8vo.  Sis. 

%\%  Separately,  Part  I.  for  One  Hundred  Days,  and  One  Month  up  to  Twelve,  78. 6d. 


PRINCIPLES  of  POLITICAL  ECONOMY, 

Deduced  firom  the  Natural  Laws  of  Social  Welfare,  and  applied  to  the  present 

State  of  Britain. 

By  G.  Poulbtt  Scropb,  M.P.  F.R.S.  &c.  Small  8vo.  78.  in  cloth. 
*'  Full  of  excellent  matter  and  sagacious  reasoning."-  Litbraby  Gazsttb. 


STEEL'S  SHIP-MASTER'S  ASSISTANT, 

and  OWNER'S  MANUAL ; 

(^)ntaining  General  and  Legal  Information  necessaiy  for  Owners  and  Masters  of  Ships, 
Ship- Brokers,  lllots,  and  other  persons  connecte<l  with  the  Merchant  Service.  New 
Edition,  newly  arranged,  and  correcte<l  to  1836  (containing  the  New  Customs  Laws,  IL-c.) 
by  J.  Stikkman,  Custom- House  Agent.  With  Tables  of  Weights,  Measures,  Monies, 
&c.  by  Dr.  Kelly.    1  large  and  closely-printed  vol.  ais.  bds. ;  23s.  6d.  bd. 

CONVERSATIONS  on  POUTICAL  ECONOMY. 

By  Jane  Marckt.    12mo.  6th  Edition,  Os.  bds. 
By  the  same  Authoress, 

Jobn  Hopkind'  Notions  on  Political  Economy.     l2mo.  48.  6d. 


THE  HISTORY  and  PRINCIPLES  of  BANKING. 

By  J.  W.  GiLBART.    3d  Edit,  enlarged,  8vo.  98. 

This  book  may  be  considered  as  a  grammar  of  lianking.  The  general  reader  iiuit 
here  acquire  a  competent  knowledge  or  most  of  the  facts  and  principles  connected  witn 
the  subject. 
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EMTOMOIiOOY,    ORNITHOIiOOY,    AND    OBMERAX.    ZOOIiOOY. 


INTRODUCTION  to  ENTOMOLOGY  j 

OR,  EI*EMENTS  OF  THE  NATURAL  HISTORY  OF  INSECTS. 

By  William  Kirby,  M.A.  F.R.S.  and  L.S.,  and  William  Spbncs,  Esq.  F.L.S. 

in  4  thick  vols.  8vo.  with  Plates,  and  Portraits  of  the  Authors,  price  41. 

A  Scientific  Index  may  be  bad,  price  28. 

AN  OUTLINE  of  the  SMALLER  BRITISH  BIRDS. 

By  R.  A.  Slanbt,  Esq.    Foolscap  8to.  Cats,  48. 6d. 

LETTERS  to  a  YOUNG  NATURALIST, 

ON  THE  STUDY  OF  NATURE  AND  NATURAL  THEOLOGY. 
By  J.  L.  Dbummond,  M.D.    lamo.  Cots,  7s.  6d. 

BOOK  of  NATURE : 

A  Popular  lUnstration  of  the  General  Laws  and  Phenomena  of  Creation. 
By  J.  Mason  Good,  M.D.  F.R.S.    3  vols.  3d  Edit.  94s. 

TAXIDERMY ; 

Or,  the  Art  of  Collecting  and  Preparing  Objects  of  Natural  History. 
12mo.  Phites,  Fourth  Edition,  7s.  6d. 


AROHITEGTURB,    THB    FINB   ARTS,    ETO. 


DICTIONARY  of  the 
ARCHITECTURE  and  ARCHiEOLOGY  of  the  MIDDLE  AGES  j 

Including  the  Words  used  by  Old  and  Modem  Authors. 

By  John  Britton,  F.S.A.  &c. 

Part  1.  with  12  Engravings  by  J.  Lb  Kbux  ;  Part  II.  with  10  Engravings ;  and 

Fart  111.  with  13  Engravings. 

The  Volume  will  contain  at  least  40  Engravings,  and  be  completed  in  4  Puts,  royal  8vo. 

12s.  each ;  medium  4to.  21  s. ;  imperial  4to.  31s.  6d. 

Part  IV.  will  be  published  early  in  the  year. 

T.  F.  HUNT'S  ARCHITECTURAL  WORKS. 


Hints  on  Picturesque  Domestic  Ar- 
chitecture; in  a  Series  of  Designs  for 
Gate  Lodges,  Gamekeepers'  Cottages, 
&c.  &c.  4to.  New  Edition,  with  Addi- 
tions, and  a  new  set  of  Plates,  2ls.  bds. ; 
India  Proofs,  31s.  6d. 

Designs  for  Lodges,  Gardeners' 
Houses,  and  other  Buildings,  in  the 
Modem  or  Italian  Style ;  in  a  Series  of 
12  Plates,  with  Letterpress.  Royal  4to. 
21s.  bds. ;  India  Proofs  31s.  6d. 


Designs  for  Parsonage*  Houses,  Alms- 
Houses,  Sec.  &c. ;  in  a  Series  of  21  Plates, 
with  Letterpress.  Royal  4to.  21s. ;  In- 
dia  Proofs,  31s.  6d. 

Exemplars  of  Tudor  Architecture, 
adapted  to  Modem  Habitations;  with 
illustrative  Details,  selected  firom  An- 
cient Edifices ;  and  Observations  on  the 
Furniture  of  the  Tudor  Period.  Royal 
4to.  with  37  Plates,  21. 2s. ;  India  Proofs, 
31.  38. 


LECTURES  on  the 
HISTORY  and  PRINCIPLES  of  PAINTING. 

By  Thomas  Phillips,  Esq.  R.A.  F.R.S.  and  F.S.A.  late  Prof essor  of  Painting 
in  the  Royal  Academy.    8vo.  13s.  in  cloth. 

"  There  iMnota  pauage  in  them  with  which  a  liberaUp'educated  gentleman  thould  not  be 
ac9«am/e<f. "'LiTBRARY  Gazettb. 

ELEMENTS  OF  MUSICAL  COMPOSITION  j 

Comprehending  the  Rules  of  Thorough  Bass,  and  the  Theory  of  Tuning. 

By  William  Crotch,  Mus.  Doc.  Professor  of  Music  in  the  University  of  Oxford. 

2d  Edition,  small  4to.  with  Plates,  12s.  in  cloth. 

By  the  same  Author, 

Substance  of  several  Courses  of  Lectures  on  Music.    7s.  6d. 
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mSOBUiANBOUB   WOKXS. 


ON  FEMALE  IMPROVEMENT.    By  Mrs.  John  SAXoroBD. 

S  vols.  l3mo.  price  lis.  in  doth. 
By  the  same  Authoress, 
Woman,  in  her  Social  and  Domestic  Character.    5th  Edition,  12mo.  6s. 
LiFCS  of  Lady  Jane  Grey  and  Mrs.  Col.  Hutchinson.    Fcp.  8vo.  Gs.  6d. 


MAUNDER'S  TREASURY  of  KNOWLEDGE. 

9th  Edit.  lamo.  8s.  6d.  cloth ;  10s.  6d.  embossed  and  gUt, 


HINTS  on  ETIQUETTE  5   and  the  USAGES  of  SOCIETY,  &c. 

By  Aymyhs* 
Sixteenth  Edition,  fcap.  8vo.  2s.  6d.  gilt  edges. 


SHORT  WHIST  5  its  Rise,  Progress,  and  Laws  : 

Together  with  Maxims  for  Beginners,  and  Observations  to  make  any  one  a  Whist  Player. 

By  MAJom  A*****. 
Fifth  Edition,  fcap.  Svo.  with  Frontispiece,  3s.  in  fkncy  cloth,  gilt  edges. 

INSTRUCTIONS  to  EXECUTORS  and  ADMINISTRATORS, 

Shewing  the  Duties  and  Responsibilities  incident  to  the  due  Performance  of 
tneir  Trusts ;  with  Fmrms  properly  iUled  up  for  every  Bequest. 

By  J.  H.  Bradt,  late  of  the  Legacy  Duty  Oflke,  Somerset  House.    Svo.  5th  Edit.  Ss. 


DOMESTIC    DUTIES; 

Or,  Instructions  to  Young  Married  Ladies  on  the  Management  of  their  Households,  &c.  9tc 

By  Mrs.  William  Parkbs.    ISmo.  4th  Edition,  lOs.  6d.  cloth  lettered. 

'*  T%e  volume  be/ore  ua  i»  a  perfect  vadb  mbcum  for  thevottmr  married  latfy,  who  aMy 
reeort  to  it  oh  all  guettUnu  qf  household  ecorutmy  and  etiquette?* — New  Monthly  Mao. 


ON  THE  VALUATION  of  PROPERTY  for  the  POOR'S  RATE. 

By  J.  S.  Batldon.   Svo.  New  Edition,  enlaiged,  7s.  6d. 

By  the  same  Author, 

Art  of  Valuing  Rents  and  Tillages,  &c.    New  Edition,  7s.  bds. 


LACON  5  or  MANY  THINGS  in  FEW  WORDS. 

By  the  Rev.  C.  C.  Colton.   New  Edition,  Svo.  lis. 


EDUCATION  REFORM; 

Or,  the  NECESSITY  of  a  NATIONAL  SYSTEM  of  EDUCATION. 

VoL  I.    Svo.  15s.  in  cloth. 

By  Thomas  Wtsk,  Esq.  M.P. 

**  A  wutre  hanimout,  tearekimg,  and  eompr^enaive  treatite  we  neoer  read.**— Motf.  Ret. 


SELECTIONS  from  the  EDINBURGH  REVIEW  3 

With  a  prattminary  Dissertation  and  Notes. 
Edited  by  MAUBioBCaosa,  Esq.   4  laige  vols.  SL  Ss.  bdi. 


GENERAL  INDEX  to  the  EDINBURGH  RE\1EW, 

nomVoLLtoXX.    15s.  bds.~Fh)m  VoL  XXL  to  L.   Us. 


^llMOn  AND  S0ir«  PBIMTIBia  57,  SKINNBB-Sram,  LONDOIT. 
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